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EXECUTIVE  SUMMARY 


About  1554  eastern  standard  time,  on  January  9,  1997,  an  Empresa  Brasileira  de 
Aeronautica,  S/A  EMB-120RT,  N265CA,  operated  by  COMAIR  Airlines,  Inc.,  as  flight  3272, 
crashed  during  a  rapid  descent  after  an  uncommanded  roll  excursion  near  Monroe,  Michigan. 
Flight  3272  was  being  operated  under  the  provisions  of  Title  14  Code  of  Federal  Regulations  Part 
135  as  a  scheduled,  domestic  passenger  flight  from  the  Cincinnati/Northem  Kentucky 
International  Airport,  Covington,  Kentucky,  to  the  Detroit  Metropolitan/Wayne  County  Airport, 
Detroit,  Michigan.  The  flight  departed  Covington,  Kentucky,  about  1508,  with  2  flightcrew 
members,  1  flight  attendant,  and  26  passengers  on  board.  There  were  no  survivors.  The  airplane 
was  destroyed  by  ground  impact  forces  and  a  postaccident  fire.  Instrument  meteorological 
conditions  prevailed  at  the  time  of  the  accident,  and  flight  3272  was  operating  on  an  instrument 
flight  rules  flight  plan. 

The  National  Transportation  Safety  Board  determines  that  the  probable  cause  of 
this  accident  was  the  Federal  Aviation  Administration’s  (FA A)  failure  to  establish  adequate 
aircraft  certification  standards  for  flight  in  icing  conditions,  the  FAA’s  failure  to  ensure  that  a 
Centro  Tecnico  Aeroespacial/FAA-approved  procedure  for  the  accident  airplane’s  deice  system 
operation  was  implemented  by  U.S. -based  air  carriers,  and  the  FAA’s  failure  to  require  the 
establishment  of  adequate  minimum  airspeeds  for  icing  conditions,  which  led  to  the  loss  of 
control  when  the  airplane  accumulated  a  thin,  rough  accretion  of  ice  on  its  lifting  surfaces. 

Contributing  to  the  accident  were  the  flightcrew ’s  decision  to  operate  in  icing 
conditions  near  the  lower  margin  of  the  operating  airspeed  envelope  (with  flaps  retracted)  and 
Comair’s  failure  to  establish  and  adequately  disseminate  unambiguous  minimum  airspeed  values 
for  flap  configurations  and  for  flight  in  icing  conditions. 

The  safety  issues  in  this  report  focused  on  procedures  for  the  use  of  ice  protection 
systems,  airspeed  and  flap  configuration  information,  stall  waming/protection  system 
capabilities,  operation  of  the  autopilot  in  icing  conditions,  aircraft  icing  certification 
requirements,  and  icing-related  research. 

Safety  recommendations  concerning  these  issues  were  addressed  to  the  FAA  and 
the  National  Aeronautics  and  Space  Administration.  Also,  as  a  result  of  this  accident,  on  May 
21,  1997,  the  Safety  Board  issued  four  safety  recommendations  to  the  FAA  regarding  EMB-120 
minimum  airspeed  information,  ice  protection  system  operational  procedures,  and  ice 
detection/waming  systems. 
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NATIONAL  TRANSPORTATION  SAFETY  BOARD 
WASHINGTON,  D.C.  20594 

AIRCRAFT  ACCIDENT  REPORT 
IN-FLIGHT  ICING  ENCOUNTER  AND 
UNCONTROLLED  COLLISION  WITH  TERRAIN 
COMAIR  FLIGHT  3272,  EMBRAER  EMB-120RT,  N265CA 
MONROE,  MICHIGAN 
JANUARY  9, 1997 

1.  FACTUAL  INFORMATION 


1.1  History  of  Flight 

About  1554  eastern  standard  time/  on  January  9,  1997,  an  Empresa  Brasileira  de 
Aeronautica,  S/A  (Embraer)  EMB-120RT,  N265CA,  operated  by  COMAIR  Airlines,  Inc.,^  as 
flight  3272,  crashed  during  a  rapid  descent  after  an  uncommanded  roll  excursion  near  Monroe, 
Michigan.  Comair  flight  3272  was  being  operated  under  the  provisions  of  Title  14  Code  of 
Federal  Regulations  (CFR)  Part  135  as  a  scheduled,  domestic  passenger  flight  from  the 
Cincinnati/Northem  Kentucky  International  Airport  (CVG),  Covington,  Kentucky,  to  Detroit 
Metropolitan/Wayne  County  Airport  (DTW),  Detroit,  Michigan.  The  flight  departed  CVG  about 
1508,  with  2  flightcrew  members,  1  flight  attendant,  and  26  passengers  on  board.  There  were  no 
survivors.  The  airplane  was  destroyed  by  ground  impact  forces  and  a  postaccident  fire. 
Instrument  meteorological  conditions  prevailed  at  the  time  of  the  accident,  and  flight  3272  was 
operating  on  an  instrument  flight  rules  (IFR)  flight  plan. 

The  pilots  reported  for  duty  at  0940  in  Covington,  on  January  9,  1997,  to  begin  a 
scheduled  3-day  trip  sequence.  They  completed  the  first  two  flight  segments  of  the  first  day’s 
schedule — CVG  to  Dayton,  Ohio,  and  return  to  CVG — without  incident.  After  they  returned  to 
CVG  (about  1241),  the  pilots  were  scheduled  to  change  airplanes  (to  the  accident  airplane).  At 
1427,  the  accident  airplane  arrived  at  CVG  from  Asheville,  North  Carolina;  the  airplane  was 
scheduled  to  depart  CVG  at  1430,  as  Comair  flight  3272,  but  actually  departed  the  gate  at  1451. 
According  to  company  personnel,  the  delay  occurred  because  the  airplane  arrived  late  from 
Asheville  and  required  servicing.  An  additional  delay  was  encountered  because  the  weather 
conditions  (light  snow)  necessitated  airframe  deicing  before  takeoff.  The  pilots  of  flight  3272 
taxied  the  airplane  from  the  gate  to  the  designated  deicing  area,  where,  at  1457,  the  airplane  was 
deiced  with  Type  1  deicing  fluid.^  Air  traffic  control  (ATC)  records  indicate  that  flight  3272 
became  airborne  about  1509. 

Review  of  ATC  and  cockpit  voice  recorder  (CVR)  transcripts  from  the  aecident 
flight  indicated  that  the  captain  was  performing  the  radio  communications  and  other  pilot-not- 
flying  (PNF)  duties,  while  the  first  officer  was  performing  the  pilot  flying  (PF)  duties  during  the 


’  Unless  otherwise  indicated,  all  times  are  eastern  standard  time,  based  on  a  24-hour  clock. 

^  For  the  remainder  of  this  report,  COMAIR  Airlines,  Inc.,  will  be  identified  as  Comair. 

^  Type  1  deicing  fluid  is  ethylene  glycol  and  was  applied  in  a  50/50  mixture  with  heated  water. 
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flight  from  CVG  to  DTW.  The  IFR  flight  plan  indicated  that  flight  3272’s  final  cruise  altitude 
would  have  been  flight  level  (FL)  190;"^  however,  the  pilots  requested  and  received  clearance  to 
climb  to  FL  210  to  avoid  turbulence  at  the  lower  altitude.  At  1526:59,  the  CVR  recorded  the 
Indianapolis  Air  Route  Traffic  Control  Center  (ARTCC)  controller  asking  the  pilots  if  there  were 
“any  improvements... with  the  climb  there?”  At  1527:03,  the  CVR  recorded  the  captain 
responding,  “affirmative...ifs... smooth  here  at  two  one  oh  [we  were]  getting... occasional  light 
chop  at  one  nine  oh... we  were  right  at  the  tops  [of  the  clouds].”  At  1531,  the  pilots  were 
instructed  to  contact  Cleveland  ARTCC;  the  pilots  acknowledged  and  complied  with  the 
instructions. 


At  1538,  the  CVR  recorded  the  captain  advising  the  flight  attendant  that  the  flight 
from  CVG  to  DTW  would  take  “only  forty  minutes  today.”  At  1539,  the  CVR  recorded  the  air 
traffic  controller  stating,  “[Comair  3272]  continue  descent  to  one  one  thousand,  then  fly  heading 
of... zero  three  zero  to  rejoin  the  MIZAR  [intersection]  arrival  [to]  Detroit.”  About  1  minute 
later,  the  pilots  obtained  Detroit’s  automatic  terminal  information  service  (ATIS)  information 
“hotel,”  which  indicated  visibility  of  1  mile  in  light  snow  and  included  the  remarks,  “braking 
action  advisories  in  effect”  and  “local  [ground]  de-ice  procedure  in  effect.” 

At  1542,  the  CVR  recorded  the  Cleveland  ARTCC  controller  advising  flight  3272 
to  contact  Detroit  terminal  radar  approach  control  (TRACON).  The  captain  acknowledged  the 
instructions  and  (at  1543)  contacted  Detroit  TRACON,  advising  the  approach  controller  that 
flight  3272  was  at  11,000  feet  mean  sea  level  (msl).  According  to  the  ATC  transcript,  Detroit 
TRACON  responded  with  instructions  to  depart  MIZAR  intersection  on  a  050°  heading,  “vector 
to  [the  instrument  landing  system]  ILS  runway  three  right  final  approach  course,  braking  action 
report  poor  by  a  DC  niner.” 

According  to  the  ATC  transcript,  at  1544,  Detroit  TRACON  requested  flight  3272 
to  reduce  airspeed  to  190  knots.  The  ATC  transcript  indicated  that  about  14  seconds  after  Detroit 
TRACON  instructed  flight  3272  to  reduce  its  airspeed  to  190  knots,  the  crew  of  America  West 
flight  50  (call  sign  Cactus  50)  contacted  the  TRACON  feeder  controller  (who  was  now  working 
both  airplanes),  advising  that  the  airplane  was  level  at  12,000  feet  msl.  During  postaccident 
interviews,  the  Detroit  TRACON  feeder  controller  told  Safety  Board  personnel  that  although 
Comair  flight  3272  appeared  on  his  radar  display  and  frequency  before  Cactus  50,  he  decided 
that  Cactus  50,  an  Airbus  A320,  would  precede  Comair  3272  on  the  approach  to  runway  3R 
because  Cactus  50  was  faster  and  had  a  more  direct  path  to  the  inbound  radar  fix.  (Additional 
information  regarding  the  separation  between  the  two  airplanes  is  included  in  section  1.18.6.) 

At  1545,  Detroit  TRACON  cleared  flight  3272  to  descend  and  maintain  an 
altitude  of  7,000  feet  msl;  the  pilots  of  flight  3272  subsequently  acknowledged  the  airspeed 
reduction  (190  knots)  and  the  clearance  to  descend  to  7,000  feet  msl.  Seconds  later,  the  CVR 
recorded  the  first  officer  stating,  “Seven  [thousand] ’s  verified,  there’s  MIZAR,  and  we’re  turning 


Altitudes  below  18,000  feet  msl  are  presented  in  altitude  above  msl  and  are  corrected  for 
variations  from  standard  sea  level  pressure.  Altitudes  above  18,000  feet  msl  are  expressed  as  FLs,  and  are  based  on 
an  altimeter  setting  of  29.92  inches  of  mercury.  Therefore,  FL  190  =  19,000  feet  pressure  altitude. 
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[to]  zero  five  zero.”  At  1546,  Detroit  TRACON  instructed  the  pilots  to  turn  left  to  a  heading  of 
030°,  with  the  remark,  “vectors  for  spacing.” 

At  1547,  Comair  flight  3272  was  instructed  to  turn  right  to  a  heading  of  055°, 
which  the  pilots  acknowledged.  Then,  as  the  airplane  descended  through  about  8,600  feet,  the 
first  officer  called  for  the  descent  checklist.^  The  descent  checklist  included  an  ice  protection 
prompt  (to  be  accomplished  before  the  airplane  entered  icing  conditions),^  to  which  the  first 
officer  responded  “windshield,  props,  standard  seven.”  According  to  the  CVR,  the  pilots 
completed  the  eight  items  listed  on  the  descent  checklist  at  1548: 12.  Two  seconds  later,  the  first 
officer  began  the  approach  briefing.  Although  neither  pilot  specifically  called  for  the  approach 
checklist,  the  approach  briefing  is  the  first  item  on  the  approach  checklist.  The  approach  briefing 
was  interrupted  at  1548:47  by  the  approach  controller,  who  issued  instructions  to  turn  right  to  a 
heading  of  070°.  About  1549:35,  the  CVR  recorded  the  first  officer  completing  the 
approach/missed  approach  briefing  with  the  query,  “Questions?  Comments?”  The  captain 
responded,  “No  questions”  and  continued  to  the  next  approach  checklist  item,  advising  the  first 
officer,  “twenty-one,  fourteen,  and  forty-three  are  your  [airspeed]  bugs.”*  At  1549:43,  the  CVR 
recorded  the  first  officer’s  response,  “twenty-one,  fourteen,  forty-three... set.”  The  pilots 
satisfactorily  accomplished  the  autofeather  and  navigation  radios  checklist  items  at  1549:53  and 
had  the  following  items  remaining  to  complete  the  approach  checklist: 

•  flight  attendants — notified 

•  flaps — 15/15/checked.^ 

According  to  ATC  and  CVR  information,  at  1549:54,  Detroit  TRACON 
instructed  the  pilots  to  turn  right  to  a  heading  of  140°  and  to  reduce  airspeed  to  170  knots.  At 
1549:59,  the  captain  acknowledged  the  instructions.  At  1550:15,  the  CVR  recorded  the  captain’s 
attempt  to  contact  Comair  operations  personnel  at  DTW  to  coordinate  arrival  information; 
operations  personnel  did  not  respond  promptly  to  the  radio  call,  and,  at  1550:28,  the  CVR 
recorded  the  captain  stating  to  the  first  officer,  “Nobody  likes  to  answer  me.  I’m  back.”  At  that 

^  Company  policy  dictates  that  flightcrews  accomplish  the  descent  checklist  before  the  airplane 
descends  below  10,000  feet  msl  and  the  approach  checklist  before  the  airplane  is  within  30  nautical  miles  (nm)  of  the 
destination  airport. 

*  Comair’s  EMB-120  flight  standards  manual  (FSM)  states  that  “icing  conditions  exist  when  the 
OAT  [outside  air  temperature]  is  +5“  or  below  and  visible  moisture  in  any  form  is  present  (such  as  clouds,  rain, 
snow,  sleet,  ice  crystals,  or  fog  with  visibility  of  one  mile  or  less).” 

’  According  to  postaccident  interviews  with  Comair  pilots,  the  term  “standard  seven”  refers  to 
switches  for  the  following  anti-ice  system  items;  angle-of-attack  (AOA)  sensors  (left  and  right  sides  of  the  fuselage), 
sideslip  sensor  (top  center  of  the  fuselage,  aft  of  the  windscreen),  total  air  temperature  (TAT)  sensor,  and  the 
pitot/static  system  (left,  right,  and  auxiliary).  These  items,  with  the  windshield  and  propeller  systems,  comprise  the 
airplane’s  anti-ice  system.  The  CVR  did  not  record  any  flightcrew  discussion  of  ice  accumulation  or  leading  edge 
deicing  boot  activation  during  the  airplane’s  approach  to  the  Detroit  area.  For  additional  ice  protection  system 
information,  see  section  1 .6.3.4. 

*  These  airspeed  settings  refer  to  the  airplane’s  approach  reference  airspeed,  takeoff  safety 
airspeed,  and  final  segment  airspeeds  (based  on  airplane  performance  data),  respectively. 

’  According  to  several  Comair  EMB-120  pilots  interviewed  after  the  accident,  the  last  two 
approach  checklist  items  would  typically  be  accomplished  later  during  the  approach  when  the  airplane  was  closer  to 
its  destination  airport.  CVR  and  FDR  information  and  physical  evidence  indicated  that  the  flaps  were  in  the 
retracted  position  when  the  accident  occurred. 
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time,  ATC  advised  the  pilots  to  contact  the  Detroit  TRACON  final  approach  controller  on  a 
different  frequency;  the  pilots  acknowledged  and  complied  with  the  instructions. 


According  to  ATC  transcripts,  at  1550:48,  the  final  approach  controller  instructed 
the  pilots  to  reduce  their  airspeed  to  170  knots  and  to  descend  to  6,000  feet  msl.  At  1551:27,  the 
CVR  recorded  Comair  operations  personnel  on  the  radio  stating,  “thirty-two  seventy-two,  are  you 
calling  Detroit?”  The  captain  responded,  advising  that  they  were  in  range,  would  be  at  the  gate 
in  less  than  10  minutes,  and  would  need  to  be  fueled.  During  the  next  30  seconds,  operations 
personnel  gave  the  captain  arrival  gate  information  and  outgoing  passenger  and  fuel  load 
information.  At  1552:07,  the  CVR  recorded  the  captain  stating  to  the  first  officer  “[it]  took  ‘em  a 
while  but  they  came  back  to  me.”  The  first  officer  responded  that  there  had  been  no  changes 
while  the  captain  was  talking  to  company  operations. 

At  1552:13,  the  final  approach  controller  cleared  the  pilots  to  descend  to  4,000 
feet  msl.  The  pilots  acknowledged  and  complied  with  the  clearance.  Beginning  at  1553:03,  the 
CVR  recorded  ATC’s  discussions  with  Cactus  50  regarding  windshear,  tailwinds  aloft,  and  pilot 
reports  of  “slick  runways  and  low  visibilities.”  At  1553:25,  the  CVR  recorded  the  final  approach 
controller  instructing  the  pilots  of  flight  3272  to  turn  to  a  heading  of  180  and  reduce  airspeed  to 
150  knots.  The  captain  acknowledged  the  clearance  at  1553:29,  stating,  “heading  one  eight 
zero. ..speed  one  five  zero....”  At  1553:42,  the  final  approach  controller  restated  flight  3272’s 
instruction  to  reduce  airspeed  to  150  knots,  and  the  captain  again  acknowledged  the  instructions. 
During  the  next  7  seconds,  the  pilots  engaged  in  a  brief  dialogue,  which  included  comments 
about  the  controller’s  short-term  memory  and  the  repeated  instructions. 

At  1553:59,  the  final  approach  controller  stated,  “[Comair  3272]  now  turn  left  [to 
a]  heading  [of  090"]... plan  a  vector  across  the  localizer.”'®  The  captain  acknowledged  the 
heading  change,  and  review  of  the  FDR  data  (control  wheel  position  [CWP],  roll  attitude,  and 
magnetic  heading)  indicated  that  the  airplane  began  a  left  turn  about  1554:05.  FDR  data  revealed 
that  at  1554:08,  the  airplane  was  in  a  shallow  but  steepening  left  bank  at  4,000  feet  msl;  the  data 
further  showed  that  the  autopilot  mode  changed  from  “Altitude  Pre  Select  (Arm)”  to  “Altitude 
Hold”  mode.  At  1554:10,  at  an  airspeed  of  156  knots,  the  airplane’s  roll  attitude  had  steepened 
to  about  23°  of  left  bank,  and  the  CWP  began  to  move  back  to  the  right;  however,  the  airplane’s 
left  roll  attitude  continued  to  steepen. 

Beginning  at  1554:15.9,  the  CVR  recorded  the  “sound  of  several  ‘whirring’ 
noises,  similar  to  that  of  the  elevator  trim  servo.”  FDR  data  indicated  that  the  engine  power 
began  to  increase  from  flight  idle  about  the  same  time.  At  1554:17,  the  FDR  began  to  record 
split  engine  torque  values,  with  higher  torque  values  recorded  for  the  right  engine  than  the  left, 
which  continued  until  the  autopilot  disengaged.  Beginning  at  1554:17.1,  the  CVR  recorded  a 
“significant  reduction  in  background  ambient  noise.”  The  FDR  data  indicated  that  at  this  time, 
the  airplane’s  left  bank  continued  to  steepen,  while  the  CWP  was  moving  farther  to  the  right. 


The  final  approach  controller  told  investigators  that  he  believed  it  might  be  necessary  to  vector 
Comair  flight  3272  across  the  localizer  to  ensure  adequate  separation  between  Comair  flight  3272  and  the  airplane 
preceding  flight  3272  on  the  approach,  Cactus  50. 
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At  1554:20.8,  the  CVR  recorded  the  captain  stating,  “Looks  like  your  low  speed 
indicator,”’'  and,  at  1554:20.9,  the  first  officer  made  an  unintelligible  comment.  The  FDR 
information  indicated  that  at  1554:23.6,  the  engine  torque  began  to  increase  again;  about 
1554:23.6,  the  CVR  recorded  the  captain  stating,  “power.”  FDR  data  indicated  that  at  1554:24.1, 
the  airplane  was  at  an  airspeed  of  146  knots  and  a  left  bank  angle  that  was  steepening  beyond  45° 
and  that  the  autopilot  disconnected.  The  CVR  transcript  indicated  that  about  that  time  a  sound 
similar  to  the  stickshaker  started.  At  1554:24.1,  the  CVR  recorded  the  first  officer  stating, 
“thanks;”  simultaneously,  it  recorded  the  sound  of  three  chimes  and  the  “autopilot”  aural 
warning.  FDR  data  indicated  that  in  the  less  than  2  seconds  after  the  autopilot  disconnected 
(1554:24.125  to  1554:25.9),  the  following  changes  occurred: 

•  the  airplane’s  CWP  moved  from  about  18°  right  to  about  19°  left, 

•  the  roll  attitude  increased  from  about  45°  left  bank  to  about  140°  left  bank,  and 

•  the  pitch  attitude  decreased  from  nearly  2°  nose  up  to  about  17°  nose  down. 

At  1554:25.9,  the  sound  of  the  stickshaker  stopped.  At  1554:26.1,  the  CVR 
recorded  the  first  officer  and  the  captain  stating,  “Oh”  and  “Oh  [expletive],”  respectively. 
According  to  FDR  data,  the  airplane’s  left  roll  attitude  was  increasing  to  more  than  140°,  and  the 
pitch  attitude  was  decreasing  to  nearly  50°  nose  down  by  1554:29.  According  to  the  CVR 
transcript,  about  1554:29.1,  the  ground  proximity  warning  system  (GPWS)  “bank  angle”  aural 
warning  annunciated,'^  followed  by  three  chimes  and  the  autopilot  aural  warning;  these  warnings 
annunciated  repeatedly  as  the  airplane  descended  to  the  ground.'^  At  1554:31,  a  sound  similar  to 
the  stickshaker  started  and  continued  to  the  end  of  the  tape.  The  CVR  recorded  nonpertinent 
exclamations  on  the  captain’s  channel  at  1554:37.1  and  1554:39.1;  the  CVR  recording  ended  at 
1554:40. 


The  airplane  struck  the  ground  in  a  steep  nose-down  attitude  in  a  level  field  in  a 
rural  area  about  19  nm  southwest  of  DTW.  A  postimpact  fire  ensued.  The  accident  occurred 
during  the  hours  of  daylight  at  41°  57’  48”  north  latitude  and  83°  33’  08”  west  longitude. 


"  The  low  speed  indicator  referenced  by  the  captain  is  the  fast/slow  indicator  system,  which 
consists  of  diamond-shaped  indicators  located  on  the  left  side  of  the  electronic  attitude  director  indicator  (EADI). 
The  fast/slow  indicator  is  an  angle-of-attack-based  indicator  that  indicates  deviations  from  the  optimum  approach 
speeds;  up  =  fast,  down  =  slow,  and  center  =  1.3  Vj.  The  fast/slow  indicator  is  certificated  for  the  flaps  zero 
configuration. 

According  to  the  GPWS  manufacturer  (Allied  Signal  Commercial  Avionics  Systems),  the 
GPWS  “bank  angle”  aural  warning  is  activated  when  the  airplane  exceeds  50“  of  bank  angle  at  altitudes  above  210 
feet  above  ground  level  (agl);  the  message  “bank  angle”  is  repeated  every  3  seconds  while  the  bank  angle 
exceedence  exists.  (When  the  airplane  is  maneuvering  between  the  ground  and  210  feet  agl,  the  “bank  angle”  aural 
warning  is  activated  by  smaller  bank  angles;  for  example,  a  bank  angle  of  30°  close  to  the  ground  will  generate  an 
aural  warning.) 

The  CVR  recorded  the  three  chimes  and  the  autopilot  aural  warning  again  at  1554:34.3, 
followed  by  the  GPWS  bank  angle  aural  warning  at  1554:35.3.  Then,  at  1554:38.2,  the  three  chimes  and  the 
autopilot  aural  warning  sounded  again. 
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1.2 

Injuries  to  Persons 

Iniuries 

Flishtcrew 

Cabincrew 

Passengers 

Other 

Total 

Fatal 

2 

1 

26 

0 

29 

Serious 

0 

0 

0 

0 

0 

Minor 

0 

0 

0 

0 

0 

None 

0 

0 

_0 

0 

_0 

Total 

2 

1 

26 

0 

29 

1.3 

Damage  to  Airplane 

The  airplane  was  destroyed  by  ground  impact  forces  and  a  postaccident  fire.  The 
value  of  the  airplane  was  estimated  by  Comair  to  be  about  $7  million. 

1.4  Other  Damage 

The  airplane  struck  the  ground  in  an  open  level  field  in  a  rural  area,  adjacent  to  a 
church  campground  and  ball  park. 

1.5  Personnel  Information 


1.5.1  Comair  Flight  3272  Captain 

At  the  time  of  the  accident,  the  captain,  age  42,  held  an  airline  transport  pilot 
(ATP)  certificate  with  airplane  multiengine  land  and  instrument  ratings,  a  commercial  pilot 
certificate  with  airplane  single-engine  land  and  rotorcraft/helicopter  privileges,  and  type  ratings 
in  the  Canadair  Regional  Jet  (CL-65),  the  EMB-120,  the  Fairchild  SA-227,  and  the  Boeing 
Vertol  Company  234  (BV-234)  helicopter.  The  captain’s  most  recent  first-class  medical 
certificate  was  issued  on  August  8,  1996,  with  no  restrictions  or  limitations. 

The  captain  was  hired  by  Comair  on  February  5,  1990,  as  a  first  officer  in  the 
FMB-120.  In  December  1990,  he  transitioned  from  FMB-120  first  officer  to  an  SA-227  first 
officer;  he  upgraded  to  an  SA-227  captain  in  August  1991,  and  in  January  1992,  he  became  an 
SA-227  flight  instructor/check  airman.  In  late  1993,  the  captain  became  involved  in  Comair’ s 
preparation  for  its  acquisition  of  the  CL-65.  Between  March  30  and  June  16,  1994,  the  captain 
was  assigned  the  following  duties  at  Comair  (in  order):  CL-65  captain,  CL-65  flight  instructor 
(simulator),  CL-65  check  airman  (simulator),  CL-65  flight  instructor  (airplane),  and  CL-65  check 
airman  (airplane). 

The  captain  performed  duties  as  a  CL-65  flight  instructor  and  check  airman  until 
December  1995,  when  he  returned  to  flight  line  pilot  status;  he  received  an  EMB-120  type  rating 
on  December  12,  1995,  completed  his  initial  operating  experience  in  the  EMB-120  on  January 
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18,  1996,  and  completed  his  most  recent  line  check  on  March  31,  1996.''*  The  captain’s  most 
recent  recurrent  training,  which  included  crew  resource  management  (CRM)  and  unusual  attitude 
training,  was  completed  on  September  4,  1996,  in  the  EMB-120.  He  subsequently  completed  a 
proficiency  check  in  the  EMB-120  on  September  12,  1996.  According  to  company  records,  at 
the  time  of  the  accident,  the  captain  had  accumulated  5,329  total  flight  hours,  including  about 
1,097  hours  as  pilot-in-command  in  the  EMB-120. 

The  captain  was  off  duty  the  2  days  before  the  accident.  During  postaccident 
interviews,  the  captain’s  wife  told  Safety  Board  investigators  that  during  the  off-duty  days  the 
captain  worked  on  a  computer  program,  ran  errands  during  the  day,  and  got  8  to  9  hours  of  sleep 
each  night.  She  reported  that  the  captain  watched  a  movie  the  evening  before  the  accident  and 
went  to  bed  about  2300;  he  arose  about  0500  on  the  day  of  the  accident  and  left  the  house  about  2 
hours  before  his  scheduled  report  time  of  0940. 

During  postaccident  interviews,  Comair’s  director  of  operations  (DO)  described 
the  captain  as  “an  absolute  genius  in  mathematics... very  detail  oriented,  professional,  and  serious 
about  his  job.”  According  to  the  DO,  the  captain’s  goal  with  the  airline  was  to  direct  the 
performance  engineering  department  when  the  company  grew  to  the  point  at  which  it  could 
support  such  a  department.  Therefore,  the  captain  accomplished  airplane  performance  work  for 
the  company;  the  DO  stated  that  the  captain  automated  the  CL-65  weight  and  balance  programs 
and  wrote  the  performance  section  of  the  CL-65  manuals.  The  DO  stated  that  when  he  spoke 
with  the  captain  on  the  day  of  the  accident,  the  captain  indicated  that  he  planned  to  transition 
from  the  EMB-120  to  the  CL-65  in  February  1997  (when  his  seniority  position  permitted  him  to 
make  that  transition).  According  to  the  DO  and  other  witnesses  who  saw  the  captain  on  the  day 
of  the  accident,  he  appeared  well  rested,  healthy,  and  in  good  spirits  before  the  accident  flight. 

Other  postaccident  interviews  with  Comair  personnel  indicated  that  the  captain 
was  well  liked  and  respected.  A  first  officer  who  had  flown  with  the  captain  on  several 
occasions  described  him  as  very  positive,  optimistic,  and  fun  to  work  with;  the  first  officer  stated 
that  the  captain  flew  by  the  book  and  was  knowledgeable  about  EMB-120  systems.  A  Comair 
line  check  airman,  who  at  different  times  had  flown  with  the  captain  and  the  first  officer, 
indicated  that  both  pilots  had  above-average  CRM  skills  and  established  good  two-way 
communications  in  the  cockpit.  A  review  of  Comair’s  personnel  records  for  the  captain  revealed 
no  adverse  information. 


1.5.2  Comair  Flight  3272  First  Officer 

The  first  officer,  age  29,  was  hired  by  Comair  on  October  17,  1994,  as  a  first 
officer  in  the  EMB-120.  At  the  time  of  the  accident,  he  held  a  commercial  pilot  certificate  with 
airplane  single  and  multiengine  land  and  an  instrument  rating,  and  a  flight  instructor  certificate 
with  airplane  single  and  multiengine  land  and  instrument  instructor  ratings.  The  first  officer’s 


When  the  captain  returned  to  line  pilot  status,  he  was  not  eligible  to  transition  to  a  flight  line 
position  flying  the  CL-65  because  of  his  seniority. 


8 


most  recent  first-class  medical  certificate  was  issued  on  June  21,  1996,  and  contained  the 
limitation,  “Holder  shall  wear  corrective  lenses.” 

The  first  officer’s  most  recent  recurrent  training,  which  included  CRM  and 
unusual  attitude  training,  was  completed  on  September  4,  1996,  in  the  EMB-120.  He 
subsequently  completed  a  second-in-command  proficiency  check  in  the  EMB-120  on  September 
11,  1996.  According  to  company  records,  at  the  time  of  the  accident,  the  first  officer  had 
accumulated  2,582  total  flight  hours,  including  1,494  hours  as  second-in-command  in  the 
EMB-120. 


Like  the  captain,  the  first  officer  was  off  duty  the  2  days  before  the  accident. 
According  to  the  first  officer’s  fiancee,  the  first  officer  spent  most  of  the  day  before  the  accident 
painting  their  house  and  went  to  bed  between  2130  and  2200.  On  the  day  of  the  accident,  the 
first  officer  arose  about  0755,  saw  his  fiancee  off  on  her  way  to  work,  and  reported  for  duty  at 
CVG  at  0940.  The  first  officer’s  fiancee  indicated  that  he  was  always  well  rested  before  his  trips 
and  took  his  job  seriously. 

During  postaccident  interviews,  a  captain  who  had  flown  with  the  first  officer 
described  him  as  skillful,  procedurally  oriented,  and  “having  fiin.”  The  captain  indicated  that  he 
considered  the  first  officer  a  “co-captain”  rather  than  just  a  first  officer.  In  addition,  a  line  check 
airman  who  had  flown  with  the  first  officer  for  his  initial  EMB-120  check  ride  was  impressed  by 
his  proficiency  and  demeanor.  The  line  check  airman  recalled  advising  the  first  officer  that  when 
he  had  more  experience  in  line  operations,  the  line  check  airman  would  recommend  the  first 
officer  for  an  instructor  position.  A  review  of  Comair’s  personnel  records  for  the  first  officer 
revealed  no  adverse  information. 


1.5.3  Controller  at  the  Feeder  Approach  Control  Position 

The  air  traffic  control  specialist  (ATCS)  who  was  working  at  the  feeder  approach 
control  position  had  been  a  military  air  traffic  controller  for  20  yezirs  before  he  was  hired  by  the 
Federal  Aviation  Administration  (FAA)  on  April  23,  1989.  The  FAA  originally  assigned  him  to 
the  air  traffic  control  tower  (ATCT)  facility  at  Flint,  Michigan.  He  was  reassigned  to  Detroit 
TRACON  on  June  16,  1991,  and  became  a  full  performance  level  (FPL)  controller  at  that  facility 
on  July  19,  1992.  The  controller’s  most  recent  FAA  second-class  medical  certificate  was  issued 
in  August  1996  and  contained  the  limitation  that  he  “shall  possess  correcting  lenses  for  near 
vision  while  performing  ATCS  duties.”  He  indicated  that  he  was  wearing  glasses  when  he 
worked  with  Comair  flight  3272. 


1.5.4  Controller  at  the  Final  Approach  Control  Position 

The  ATCS  working  at  the  final  approach  control  position  was  hired  by  the  FAA 
on  February  26,  1979;  received  his  initial  training  at  the  FAA’s  ATC  facility  in  Oklahoma  City, 
Oklahoma;  and  was  originally  assigned  to  the  ATCT  facility  at  Fort  Wayne,  Indiana,  in  July 
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1979.  He  was  reassigned  to  the  Detroit  TRACON  in  November  1983  and  became  an  FPL 
controller  at  that  facility  in  December  1984.  The  controller’s  most  recent  FA  A  second-class 
medical  certificate  was  issued  on  June  14,  1996,  and  contained  the  limitation  that  he  “shall  wear 
correcting  lenses  for  distant  vision  while  performing  ATCS  duties.”  He  told  Safety  Board 
investigators  that  he  was  wearing  glasses  when  he  worked  with  Comair  flight  3272.  The  final 
approach  controller  held  a  commercial  pilot  certificate  with  instrument  and  multiengine  ratings. 

1.6  Airplane  Information 

N265CA,  an  Embraer  EMB-120RT,  serial  number  (SN)  1202*57,  was 
manufactured  by  Embraer  S/A  in  Brazil  in  December  1991  and  was  purchased  by  Comair.  The 
airplane  was  flown  from  Brazil  to  the  United  States  with  a  Brazilian  Export  Certificate  of 
Airworthiness.*^  According  to  the  terms  of  the  Bilateral  Airworthiness  Agreement  (BAA)*^ 
between  the  United  States  and  Brazil,  before  a  U.S.  airworthiness  certificate  could  be  issued,  the 
FAA  had  to  determine  that  the  aircraft  conformed  to  the  applicable  U.S.  type  design  and 
certification  requirements  (in  the  case  of  the  EMB-120,  this  is  Federal  Aviation  Regulation 
[FAR]  Part  25).  On  February  20,  1992,  the  airplane  received  a  U.S.  Standard  Certificate  of 


According  to  the  FAA  Type  Certificate  Data  Sheet  for  the  EMB-120  (No.  A31SO),  a  “Brazilian 
Certificate  of  Airworthiness  for  Export... must  be  submitted  for  each  individual  aircraft  for  which  application  for 
U.S.  certification  is  made.”  Type  Certificate  Data  Sheet  No.  A3  ISO  also  states  that  a  U.S.  Standard  Airworthiness 
Certificate  may  be  issued  by  the  FAA  “on  the  basis  of  a  Brazilian  Certificate  of  Airworthiness  for  Export  signed  by  a 
representative  of  the  Centro  Tecnico  Aeroespacial  of  Brazil  (CTA),  containing  the  following  statement:  ‘The 
airplane  covered  by  the  certificate  has  been  examined,  tested,  and  found  to  conform  to  the  type  design  approved 
under  Type  Certificate  No.  A3  ISO  and  to  be  in  condition  for  safe  operation.’” 

According  to  FAA  certification  personnel,  a  BAA  is  a  document  that  is  developed  when  a 
foreign  country  has  manufactured  aviation  products  it  intends  to  export  to  the  United  States;  the  document  is  less 
formal  than  an  international  treaty  and  is  executed  between  Chiefs  of  State  without  Senatorial  approval.  The  BAA  is 
a  technically  oriented  document,  intended  to  prevent  unnecessary  repetitive  certification  activities  by  facilitating 
cooperation  and  acceptance  of  findings  between  the  exporting  country’s  airworthiness  authority  and  the  FAA. 
Before  a  BAA  can  exist,  the  FAA  (on  behalf  of  the  U.S.  State  Department)  must  evaluate  the  technical  competence, 
capabilities,  regulatory  authority,  and  efficacy  of  the  foreign  country’s  airworthiness  authority  and  assess  the  foreign 
country’s  laws  and  regulations  and  state-of-the-art  manufacturing  capability.  According  to  FAA  personnel,  the  fact 
that  a  BAA  exists  between  the  FAA  and  the  CTA  indicates  that  the  FAA  recognizes  CTA  as  a  competent 
airworthiness  authority  with  the  expertise  and  organization  to  apply  FAR  Part  25  certification  requirements. 

FAA  personnel  further  stated  that  a  foreign  aircraft  manufacturer  is  responsible  for  completing  the 
same  aircraft  certification  process  to  the  same  standards  and  requirements  that  a  U.S. -based  manufacturer  would 
have  to  complete.  One  difference  in  the  process  is  that  the  airworthiness  authority  from  the  exporting  country 
provides  "constant  oversight  of  the... certification  program  and  participate[s]  in  all  certification  flight  tests"  instead  of 
the  FAA.  In  this  case,  however,  because  Embraer  applied  for  a  U.S.  type  certificate  (TC)  for  the  EMB-120  soon 
after  it  applied  for  the  Brazilian  TC,  the  FAA  was  involved  in  the  certification  of  the  EMB-120  throughout  both  the 
Brazilian  and  U.S.  certification  programs.  FAA  personnel  stated,  “[l]his  process  formally  started  at  the  preliminary 
type  board  meeting,  continued  through  two  interim  board  meetings  and  validation  flight  testing,  and  concluded  with 
the  final  type  certification  board  meeting.  In  addition  to  these  formal  meetings  in  which  all  specialty  areas  are 
typically  addressed,  a  total  of  twelve  additional  specialist  meetings  were  held  with  the  FAA  during  the  three  year 
certification  program.... the  FAA...  provided  guidance  on  acceptable  means  of  compliance  and  FAA  positions  on  any 
new  issues  and  new  means  of  compliance. .  ..retains  the  final  authority  on  equivalencies  and  other  critical  issues. ...” 

Under  the  terms  of  the  BAA,  the  FAA  reviewed  data  obtained  by  Embraer  during  its  testing,  then 
conducted  comprehensive  validation  flight  tests  to  confirm  EMB-120  compliance  with  Part  25  requirements. 
Additionally,  the  FAA  conducted/participated  in  postcertification  EMB-120  flight  tests  under  the  auspices  of  its 
continuing  airworthiness  responsibilities. 
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Airworthiness  from  the  FA  A  and  was  put  into  service  as  part  of  Comair’s  fleet.  (Additional 
information  regarding  the  certification  process  as  it  applied  to  the  EMB-120  is  contained  in 
section  1.6.1.) 


The  EMB-120  is  a  low  wing,  T-tail  airplane  (see  figure  1),  equipped  with  two 
Pratt  &  Whitney  Canada  (PWC)  PW118  turboprop  engines  and  Hamilton  Standard  14RF-9  4- 
bladed  propellers.  Aircraft  registration  records  indicated  that  at  the  time  of  the  accident,  282 
EMB-120  airplanes  were  operating  worldwide,  including  220  registered  in  the  United  States. 
According  to  Comair  records,  the  accident  airplane  had  been  operated  12,751.8  hours  (12,734 
cycles)  at  the  time  of  the  accident.  Company  maintenance  records  indicated  that  at  the  time  of 
the  accident,  the  left  (No.  1)  engine,  SN  115483,  had  operated  about  12,621  hours,  including 
1,496  hours  since  the  most  recent  overhaul;  the  right  (No.  2)  engine,  SN  115576,  had  operated 
about  1 1,776  hours,  including  30.5  hours  since  the  most  recent  overhaul.’^ 

Comair’s  FAA-approved  continuous  maintenance  inspection  program  for  its 
EMB-120S  included  six  specific  checks  (service  checks,  400  flight  hour  interior  checks,  “E” 
inspections,  “C”  inspections,  calendar  inspections,  and  flight  cycle  inspections),  which  are  to  be 
accomplished  at  various  intervals.  In  addition,  Comair  performed  special  inspections  if  a 
repetitive  inspection  was  scheduled  at  times  or  cycles  that  could  not  conveniently  be 
accomplished  during  another  check/inspection.  Review  of  maintenance  records  revealed  that 
there  were  no  inspections  due  or  scheduled  for  the  accident  airplane  during  the  7  days  following 
the  accident.  The  following  inspections  were  accomplished  during  the  60  days  preceding  the 
accident: 

•  An  El  inspection  was  accomplished  on  the  accident  airplane  on 
December  27,  1996,  at  an  aircraft  total  time  of  12,662.5  hours  (about 
89  flight  hours  before  the  accident).  The  autopilot  system  was 
included  in  the  El  inspection;  no  autopilot  anomalies  were  noted. 

•  A  Cl  inspection  was  accomplished  on  the  accident  airplane  on 
November  20,  1996,  about  339  flight  hours  before  the  accident;  the 
rudder,  AO  A  [angle  of  attack],  and  stall  warning  systems  were 
included  in  the  Cl  inspection. 

The  maintenance  records  indicated  compliance  with  all  FAA  airworthiness 
directives  (ADs)  applicable  to  the  accident  airplane.**  All  but  one  of  the  discrepancies  reported 
during  the  90  days  before  the  accident  had  been  cleared  by  maintenance  personnel;  the  uncleared 
(and  deferred)  discrepancy  was  a  small  (.033  inch  deep)  dent  in  the  fuselage  at  fuselage  station 
2677.  (Additional  information  regarding  write-ups  on  specific  systems  is  included  in  the 
applicable  airplane  systems  sections.) 


Comair’s  maintenance  records  indicated  that  after  it  was  overhauled,  the  right  engine  was 
installed  on  the  accident  airplane  on  January  4,  1997,  using  procedures  outlined  in  the  EMB-120  maintenance 
manual.  The  EMB-120  maintenance  manual  included  procedures  for,  in  part,  engine  control  system  rigging,  engine 
trim  adjustment,  and  an  engine  trim  functional  check. 

For  additional  information  regarding  AD  96-09-24,  see  section  1.18.2.5. 
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Figure  1.— EMB-120. 
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Based  on  the  accident  airplane’s  flight  plan  data  indicating  a  takeoff  gross  weight 
of  24,797  pounds  and  an  estimated  850  pounds  of  fuel  consumed  between  takeoff  and  the 
accident,^^  the  Safety  Board  calculated  that  the  accident  airplane  had  an  operating  weight  of 
about  23,947  pounds  at  the  time  of  the  accident.  The  maximum  landing  weight  of  the  EMB-120 
is  24,802  pounds.  The  estimated  center  of  gravity  (CG)  at  the  time  of  the  accident  was  calculated 
to  be  31  percent  of  the  mean  aerodynamic  chord  (percent  MAC);  the  allowable  in-flight  CG 
range  at  24,000  pounds  was  about  16.8  percent  to  about  43.8  percent. 


1.6.1  EMB-120  Icing  Certification/Controllability  History 


1.6.1.1  EMB-120  Icing  Certification 

According  to  its  Type  Certificate  Data  Sheet  (No.  A3  ISO),  the  EMB-120’s 
certification  basis  was  FAR  Parts  21,  25,  and  36,  Special  FAR  (SFAR)  27,  with  specified 
amendments  to  (and  named  exemptions  from)  those  regulations.  FAR  Part  25,  entitled 
“Airworthiness  Standards:  Transport-Category  Airplanes,”  contains  specifications  for  general 
controllability  and  maneuverability,  as  well  as  icing  certification  requirements  for  such  airplanes, 
including  performance  requirements  for  flight  in  icing  conditions  and  criteria  for  evaluating 
airplane  flying  qualities  in  natural  icing  conditions.  Part  25.1419  states  the  following,  in  part: 

If  certification  with  ice  protection  provisions  is  desired,  the  airplane  must  be 
able  to  operate  in  the  continuous  maximum  and  intermittent  maximum  icing 
conditions  of  [Part  25]  appendix  C....[a]n  analysis  must  be  performed  to 
establish  that  the  ice  protection  for  the  various  components  of  the  airplane  is 
adequate,  taking  into  account  the  various  airplane  operational  configurations 
[and]... the  airplane  or  its  components  must  be  flight  tested  in  the  various 
operational  configurations,  in  measured  natural  atmospheric  icing  conditions. 

The  Part  25  appendix  C  icing  envelope  specifies  the  water  drop  mean  effective 
diameter  (MED),^°  the  liquid  water  content  (LWC),^'  and  the  temperatures  at  which  the  airplane 


The  estimate  of  fuel  consumed  during  the  flight  (850  pounds)  was  obtained  using  fuel 
consumption  rates  for  maximum  cruise  power  settings  at  FL190  for  a  flight  time  of  about  44  minutes. 

According  to  the  FAA,  the  MED  is  the  apparent  mean  volumetric  diameter  (MVD)  that  results 
from  having  to  use  an  assumed  drop  size  distribution  when  analyzing  data  from  rotating  multicylinder  cloud 
sampling  devices  (old-style  technology).  Modern  cloud  sampling  devices  measure  the  drop  size  distributions 
directly  and  can  determine  the  actual  MVD.  The  maximum  intermittent  droplet  size  in  appendix  C  is  50  microns, 
and  maximum  continuous  droplet  size  is  40  microns.  A  micron  is  1/1000  of  a  millimeter  (mm).  (The  lead  in  a  0.5 
mm  mechanical  pencil  is  500  microns  in  diameter,  or  10  times  larger  than  the  largest  droplet  defined  in  Part  25 
appendix  C.)  According  to  FAA  icing  experts,  normal  icing  cloud  droplets  are  typically  between  2  microns  and  50 
microns  in  diameter.  However,  National  Center  for  Atmospheric  Research  (NCAR)  scientists  report  that  freezing 
drizzle  can  occur  at  droplet  sizes  between  40  and  400  microns,  and  freezing  rain  occurs  at  droplet  sizes  greater  than 
400  microns.  Supercooled  large  droplets  (SLD)  include  freezing  drizzle  and  freezing  rain. 

According  to  the  FAA,  LWC  is  the  total  mass  of  water  contained  in  all  the  liquid  cloud  droplets 
within  a  unit  volume  of  cloud.  Units  of  LWC  are  usually  grams  of  water  per  cubic  meter  of  air.  The  terms  LWC  and 
supercooled  liquid  water  (SLW)  refer  to  the  amount  of  liquid  water  in  a  certain  volume  of  air. 
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must  be  able  to  safely  operate;  aircraft  compliance  must  be  demonstrated  through  analysis, 
experimentation,  and  flight  testing.  During  EMB-120  initial  certification  work,  Embraer 
demonstrated  to  the  satisfaction  of  CTA  and  FAA  certification  personnel  the  EMB-120’s  ability 
to  safely  operate  within  the  conditions  described  in  Part  25  appendix  C.  (Copies  of  Part  25. 1419 
and  appendix  C  of  Part  25  are  included  in  appendix  I  of  this  report.) 

According  to  FAA  personnel  and  certification  records,  CTA  personnel 
participated  in  all  EMB-120  icing  certification  flight  tests  (including  tests  in  natural  icing 
conditions  and  with  simulated  ice  shapes)  to  ensure  compliance  with  Part  25  appendix  C.  FAA 
personnel  reviewed  and  validated  the  results  of  those  tests  before  it  approved  the  EMB-120  for 
flight  into  known  icing  conditions;  they  stated  that  the  EMB-120  demonstrated  satisfactory 
handling  characteristics  and  no  tendency  for  loss  of  control  during  flight  tests  under  Part  25 
appendix  C  (normal  icing)  conditions.  During  the  CTA’s  EMB-120  initial  icing  certification 
flight  tests,  the  airplane’s  handling  characteristics  were  evaluated  (and  determined  to  be 
satisfactory)  in  the  following  conditions; 

•  Natural  icing  conditions,  maneuvers  within  the  normal  flight  envelope 
to  evaluate  flight  handling  qualities,  at  airspeeds  between  130  and  200 
knots,  at  various  weights  and  airplane  configurations  (configurations 
ranged  between  gear  up/flaps  up  and  gear  down/flaps  45”).  Embraer 
evaluated  the  EMB-120’s  handling  characteristics  during  natural  icing 
flight  tests  with  (4  inch,  Vi  inch,  and  %  inch  of  ice  accumulation  on 
protected  surfaces,  and  with  deicing  boots  operating  until  about  4 
inches  of  ice  accumulated  on  unprotected  surfaces. 

Flight  tests  conducted  by  Embraer  and  CTA  during  initial  certification  tests 
yielded  satisfactory  results  with  3 -inch  ram’s  horn  ice  shapes  (calculated  by  Embraer  to  be 
representative  of  ice  accumulated  during  a  60-minute  hold  in  icing  conditions)^^  on  unprotected 
surfaces.  Further,  the  Safety  Board’s  review  of  the  EMB-120  certification  flight  test  data 
revealed  that  during  several  of  the  natural  icing  encounters,  the  EMB-120  encountered  conditions 
that  exceeded  Part  25  appendix  C  boundaries  for  continuous  maximum  and  intermittent 
maximum  icing  conditions  (in  terms  of  LWC);^^  again,  no  anomalous  handling  characteristics 
were  observed. 


“Ram’s  horn”  ice  shapes  are  common  rime  ice  formations  in  which  the  ice  accumulates  away 
from  the  leading  edge  of  the  airfoil,  both  above  and  below  it,  forming  a  shape  similar  to  that  of  the  horns  on  a  ram. 
According  to  the  FAA  Aeronautical  Information  Manual  (AIM),  rime  ice  is  “rough,  milky,  opaque  ice  formed  by  the 
instantaneous  freezing  of  small  supercooled  water  droplets.”  Embraer  used  “60-minute”  ice  shapes  during  the 
EMB-120  certification  work,  thus  exceeding  FAA  and  CTA  icing  certification  standards,  which  require  airplane 
manufacturers  to  conduct  ice  protection  system  operative  handling  and  performance  tests  with  ice  shapes 
representative  of  ice  accumulated  during  a  45-minute  hold  in  icing  conditions. 

According  to  the  test  flight  data,  the  largest  droplet  size  encountered  was  37  microns  MVD 
(which  falls  within  the  appendix  C  envelope),  with  a  LWC  of  .8  grams  per  cubic  meter  (which  is  higher  than  the 
maximum  LWC  corresponding  to  37  micron  droplet  size  in  the  appendix  C  envelope).  Variations  in  LWC  primarily 
affect  the  ice  accretion  rate,  not  the  location  of  the  accretion. 
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In  addition  to  data  from  the  CTA/FAA  EMB-120  icing  certification  testing,  the 
Safety  Board  reviewed  the  results  of  icing  certification  conducted  by  Transport  Canada,  the 
Canadian  airworthiness  authority.  During  its  certification  process,  Transport  Canada  required 
evaluation  of  the  EMB-120’s  flight  handling  characteristics  and  stall  tests  (power — on,  power — 
flight  idle,  right  and  left  30°  bank  turns  with  power  at  50  percent,  at  various  airplane  weights, 
configurations,  and  stall  entry  rates)  with  1-inch  artificial  ice  shapes^"*  on  all  protected  surfaces 
and  ice  shapes  representative  of  ice  accreted  during  a  45-minute  hold  in  icing  conditions  on 
unprotected  surfaces,  and  sideslip  tests  with  the  same  ice  shapes.  Transport  Canada’s  flight  test 
data  from  stall/handling  tests  conducted  with  the  gear  up/flaps  up,  autopilot  not  activated,  30°  of 
bank,  50  percent  power,  and  with  1-inch  ice  shapes  on  unprotected  surfaces  indicated  that  the 
airframe’s  aerodynamic  buffet  (indicating  approaching  stall)  began  at  136  knots,  the  stick  shaker 
activated  at  123  knots,  and  the  stick  pusher  activated  at  1 18  knots.^^  Test  pilots  reported  that  the 
stall  recovery  was  easy,  and  the  airplane  exhibited  no  adverse  flight  handling  qualities  during  its 
recovery.  According  to  Embraer  and  Canadian  officials,  although  the  tests  indicated  a  significant 
reduction  in  the  margin  between  stick  shaker  activation  and  the  stall,  there  was  sufficient 
aerodynamic  buffet  to  alert  a  pilot  to  the  approaching  stall  in  all  flight  conditions  except  the 
landing  configuration  (gear  down,  flaps  45°).  Transport  Canada  determined  that  the  airplane  had 
demonstrated  satisfactory  handling  characteristics  under  the  tested  conditions,  and  the  EMB-120 
was  certificated  for  flight  into  known  icing  conditions  by  the  Canadian  airworthiness  authority. 


1.6.1.1.1  Current  Icing  Certification  Guidance  for  Transport-Category  Aircraft 

Icing  certification  guidance  for  airplanes  certificated  under  Part  25  is  contained  in 
sections  231  and  232  (pages  8-6  to  8-9)  of  Advisory  Circular  (AC)  25-7,  “Flight  Test  Guide  for 
Certification  of  Transport-Category  Airplanes,”  dated  March  31,  1998.  Section  231, 
“Performance  Requirements  for  Flight  in  Icing  Conditions,”  states  the  following: 

When  approval  of  an  airplane  for  operation  in  known  icing  conditions  is 
requested,  compliance  with  the  approach...  and  landing  climb 
requirements... should  be  demonstrated  with  residual  ice  accretions  on 
unprotected  areas  of  the  airframe.  For  airplanes  with  de-ice  systems,  this 
would  also  include  any  ice  not  shed  from  protected  surfaces  with  the  system  in 
its  normal  operating  mode.  The  airplane  is  assumed  to  descend  into,  and  be 
required  to  hold  in,  atmospheric  conditions  meeting  the  continuous  maximum 
atmospheric  icing  conditions  criteria  described  in  Appendix  C  to  Part  25  of 
the  FAR. 

The  procedures  outlined  in  section  231  included  flight  tests  conducted  with 
simulated  ice  shapes  (representative  of  the  ice  accretion  obtained  in  the  ice  protection  system 


The  1-inch  ice  shapes  used  during  Canadian  certification  tests  were  small  ram’s  horn  shapes 
covering  a  very  small  percentage  (less  than  1  percent)  of  the  wing  chord  at  the  leading  edge. 

Transport  Canada’s  initiated  the  EMB-120  stall  tests  at  1.3  stall  speed  (Vs) — at  the  airplane’s 
gross  weight  for  this  flight  test  (22,960  pounds)  1.3  Vs  was  144  knots — and  decelerated  at  a  rate  of  1  to  IV2  knots  per 
second. 
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flight  testing  required  by  FAR  25. 1419)  installed  on  the  airplane.  The  flight  tests  were  to  include 
climb  performance  testing,  stall  testing,  and  approach  and  landing  climb  performance. 

Section  232,  “Flying  Qualities  in  Natural  Icing  Conditions,”  states  that  the 
airplane’s  handling  characteristics  should  be  evaluated  with  ice  accumulation  on  unprotected 
surfaces  (including  ice  that  may  accumulate  on  flaps  and  associated  structures,  or  in  slat  or  flap 
gaps)  and  with  consideration  for  residual  or  intercycle  ice  on  the  protected  surfaces  of  the 
airplane.  Further,  section  232  states  the  following: 

To  assure  that  there  are  no  unusual  or  hazardous  differences  in  handling 
characteristics  between  tests  with  artificial  ice  shapes  and  those  associated  with 
the  critical  natural  ice  buildup,  an  evaluation  of  the  airplane  flying  qualities 
should  be  performed  following  a  natural  icing  encounter.  The  amount  of  ice 
on  the  airplane  should  be  representative  of  what  would  be  accumulated  in  a  45 
minute  hold  in  icing  conditions  prior  to  approach  and  landing. 

Section  232  specified  that  the  flight  handling  tests  should  include  the  following 
maneuvers  (which  were  representative  of  maneuvers  an  airplane  would  perform  while  holding  in 
icing  conditions  and  in  the  subsequent  approach  to  landing); 


CONFIGURATION 

TRIM  SPEED 

MANEUVER 

Flaps  UP,  Gear  UP 

Forward 

Holding 

Level,  40°  banked  turn 
Bank-to-bank  rapid  roll,  30° 

30° 

Speedbrake  extension/retraction 

Flaps  Down,  Gear  UP 

Forward 

Holding 

Level,  40°  banked  turn 
Bank-to-bank  rapid  roll,  30° 

-30° 

Speedbrake  extension/retraction 

Landing 

Forward 

1.3  V«,(V„f) 

Level,  40°  banked  turn 
Bank-to-bank  rapid  roll,  30° 

-30° 

Speedbrake  extension/retraction 

Landing 

Forward 

Same  as  used 
for  uncontam¬ 
inated  airplane 
stalls 

Idle  power 

1  knot/second  deceleration  to 
full  stall 

Section  232  states  that  there  should  be  no  unusual  control  responses  or 
uncommanded  airplane  motions  during  these  maneuvers,  and  there  should  be  no  buffeting  or  stall 
warning  during  the  level  turns  and  bank-to-bank  rolls. 
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According  to  FAA  personnel,  a  new  AC  (AC  25.1419),  which  will  address  the 
certification  of  Part  25  airplanes  for  flight  in  icing  conditions,  is  currently  in  draft  form;  FAA 
personnel  stated  that  “the  anticipated  issue  date  is  not  available  at  this  time.” 

The  Safety  Board’s  review  of  the  recently  revised  icing  certification  compliance 
guidance  for  normal,  utility,  and  acrobatic-category  (nontransport-category)  airplanes  revealed 
that  AC  23.1419-2A,  “Certification  of  Part  23  Airplanes  for  Flight  in  Icing  Conditions,”  (dated 
August  19,  1998)  is  25  pages  long  with  9  pages  of  appendixes  and  contains  very  specific, 
detailed  guidance.  According  to  AC  23.1419-2A,  the  revised  document  is  intended  “to  continue 
the  current  minimum  ice  protection  requirements  that  have  been  found  necessary  for  safe 
operation  in  icing  conditions,  to  provide  specific  test  requirements,  to  clarify  the  requirements  for 
information  that  must  be  provided  to  the  pilot,  and  to  allow  approval  of  equivalent  components 
that  have  been  previously  tested  and  approved,  and  that  have  demonstrated  satisfactory  service  if 
the  installations  are  similar.”  AC  23. 14 19-2 A  provides  detailed  guidance  in  the  following  areas: 

•  Certification  design  and  development  plan — should  include  airplane  and 
systems  description,  ice  protection  systems  description,  certification  checklist, 
analyses  or  tests  performed  to  date,  analyses  or  tests  planned,  projected 
schedules  of  design,  analyses,  testing,  and  reporting. 

•  Design  objectives — to  “demonstrate  by  analyses,  tests,  or  a  combination  of 
analyses  and  tests,  that  the  airplane  is  capable  of  safely  operating  throughout 
the  icing  envelope  of  Part  25,  Appendix  C,  or  throughout  that  portion  of  the 
envelope  within  which  the  airplane  is  certificated  for  operation  where  systems 
or  performance  limitations  not  related  to  ice  protection  exist.  Appendix  1  lists 
various  influence  items  that  should  be  examined  for  their  affect  on  safety 
when  operating  in  icing  conditions.” 

•  Analyses — should  be  validated  either  by  tests  or  by  reference  to  previous 
substantiation  and  are  normally  used  for  the  following:  areas  and  components 
to  be  protected;  the  45-minute  hold  condition,  flutter  analyses,  power  sources, 
failure  analyses,  similarity  analyses,  impingement  limit  analyses,  and 
induction  air  system  protection. 

•  Flight  test  planning — to  evaluate  performance  and  flying  quality  degradation 
experienced  during  flight  in  natural  icing  conditions,  and  to  determine  that 
flying  qualities  and  performance  are  acceptable  for  flight  in  an  icing 
environment. 

•  Flight  tests — should  include  dry  air  tests  with  ice  protection  equipment 
installed,  dry  air  tests  with  artificial  ice  shapes,  flight  tests  in  natural  and 
simulated  icing  conditions,  performance  and  handling  qualities  (all  engines 
operating,  one  engine  inoperative,  balked  landing,  landing,  stall  characteristics 
and  airspeeds,  trim,  lateral  stability/control,  longitudinal  stability/control, 
Vmc,  landing  approach  airspeeds,  maneuvering  characteristics,  high  airspeed 
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characteristics,  etc),  ice  shedding,  pneumatic  deicing  boots,  and  emergency 
and  abnormal  operating  conditions. 

•  Placarding  and  AFM  [airplane  flight  manual]  guidance — ^placards  and/or  AFM 
guidance  should  include  equipment  limitations,  speed  restrictions, 
environmental  limitations,  etc. 

According  to  the  FAA’s  Environmental  Icing  National  Resource  Specialist 
(NRS),  existing  icing  certification  guidance  only  requires  manufacturers  to  test  to  “normal  icing 
operating  conditions,”  which  means  operating  in  icing  conditions  with  fully  functioning  anti¬ 
icing  and  deicing  systems.  Current  icing  certification  requirements  do  not  consider  the  effects  of 
delayed  activation  (or  malfunction)  of  ice  protection  systems,  intercycle  ice  accumulations,  or 
other  variables  that  might  result  in  less  than  the  “best”  case  operating  condition. 


1.6.1.1.2  Draft  Aviation  Rulemaking  Advisory  Committee  Icing 
CertiHcation  Guidance  for  Transport-Category  Aircraft 

The  FAA’s  EMB-120  Aircraft  Certification  Program  Manager  and  Environmental 
Icing  NRS  stated  that  because  of  the  need  to  provide  in-flight  icing  certification  guidance 
material  and  to  ensure  harmonization  of  this  material  with  similar  European  Joint  Airworthiness 
Authority  (JAA)  guidance  material,  aviation  rulemaking  advisory  committee  (ARAC)  working 
groups  were  developed  to  address  the  necessary  changes  to  Parts  23  and  25  and  corresponding 
ACs  for  future  icing  certification  projects.^^  The  Flight  Test  Harmonization  Working  Group  has 
been  working  on  new  icing  certification  standards  and  criteria  since  1995,  after  the  Avions  de 
Transport  Regional,  model  72  (ATR-72)  accident  at  Roselawn,  Indiana.^’  The  FAA’s 
Environmental  Icing  NRS  reported  that  the  new  regulations  and  ACs  would  require 
manufacturers  to  examine  the  effects  of  delayed  deicing  boot  activation  and  intercycle/residual 
ice  accumulations  before  the  airplane  would  be  certificated  for  flight  in  icing  conditions. 
However,  FAA  personnel  indicated  that  the  new  icing  standards  and  criteria  are  typically  only 
applied  to  new  airplanes  for  which  icing  certification  is  sought;  they  would  not  automatically 
retroactively  apply  to  airplanes  that  are  currently  certificated  for  flight  in  icing  conditions. 


Changes  to  Part  25  are  being  addressed  by  the  Flight  Test  Harmonization  Working  Group,  a 
group  of  industry  and  airworthiness  authority  representatives  from  Canada,  Europe,  and  the  United  States.  This 
group  has  been  working  since  1995  to  harmonize  and  provide  guidance  material  regarding  acceptable  means  of 
demonstrating  compliance  with  in-flight  icing  flight  characteristics  regulatory  requirements.  Changes  to  Part  23  will 
be  addressed  by  the  Ice  Protection  Harmonization  Group  (an  ARAC  working  group  structured  like  the  Flight  Test 
Harmonization  Working  Group)  when  the  Part  25  guidance  material  is  established. 

See  National  Transportation  Safety  Board.  1996.  Simmons  Airlines,  d.b.a.  American  Eagle 
Flight  4184,  Avions  de  Transport  Regional  (ATR)  Model  72-212,  N410AM,  Roselawn,  Indiana,  October  31,  1994. 
Aircraft  Accident  Report  NTSB/AAR-96/01.  Washington,  DC.  This  accident  will  be  discussed  further  throughout 
this  report. 
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1.6.1.2  EMB-120  Severe  Icing  (Supercooled  Large  Droplet)  Controllability 

Tests 

In  addition  to  addressing  certification-related  responsibilities,  the  BAA  requires 
the  authorities  of  both  countries  to  work  cooperatively  to  analyze  accidents  and  incidents 
involving  exported  products  to  ensure  the  continuing  airworthiness  of  those  products.^®  One 
example  of  this  cooperative  effort  is  the  EMB-120  supercooled  liquid  droplet  (SLD)  icing 
controllability  testing,  which  occurred  as  a  result  of  the  Safety  Board’s  investigation  of  the 
October  31,  1994,  accident  in  which  an  Avions  de  Transport  Regional,  ATR-72  experienced  an 
uncommanded  roll  event  and  crashed  near  Roselawn,  Indiana.  During  its  investigation  of  the 
ATR-72  accident,  the  Safety  Board  discovered  that  the  airplane  encountered  SLD  between  100 
microns  MVD  and  2,000  microns  MVD  while  operating  in  a  holding  pattern.  Although  these 
SLD  icing  conditions  exceeded  the  maximum  MVD  criteria  (50  microns  MVD  for  intermittent 
icing  conditions,  40  microns  MVD  for  continuous  icing  conditions)  specified  in  the  Part  25 
appendix  C  envelope,  FAA’s  Environmental  Icing  NRS  stated  that  “within  the  distribution  of 
droplets  that  result  in  the  [MVD]  drop  diameters  of  40  to  50  microns  specified  as  the  limits  of 
Appendix  C,  drizzle  (or  SLD)  droplets  with  diameters  exceeding  50  microns  will  occur.”  Thus, 
it  is  possible  for  an  airplane  to  encounter  SLD  droplet  sizes  while  operating  in  icing  conditions 
within  the  Part  25  appendix  C  envelope. 

The  Roselawn  accident  indicated  that  it  was  possible  for  pilots  to  unknowingly 
operate  an  airplane  in  icing  conditions  for  which  the  airplane  had  not  demonstrated  satisfactory 
handling  characteristics.  Therefore,  in  June  1995,  the  FA  A  requested  the  manufacturers  of  all 
“regional  transport-category  airplanes  with  unpowered  controls  and  pneumatic  deicing  boots”  to 
demonstrate/evaluate  the  control  characteristics  of  their  airplanes  while  operating  in  SLD  icing 
conditions.  In  response  to  the  FAA’s  request  (and  in  accordance  with  the  BAA),  the  CTA  and 
Embraer  developed  a  test  plan,  which  originally  included  wind  tunnel  tests,  flight  simulator 
analysis,  and  flight  tests  with  artificial  ice  shapes  attached  to  the  airplane’s  surfaces.  The  series 
of  tests  were  accomplished  by  Embraer  and  the  CTA  in  October/November  1995.  The  test  plan 
was  later  expanded  to  include  flight  tests  behind  a  tanker  airplane,^^  which  were  accomplished  in 
December  1995. 

Embraer  reported  that  the  first  step  in  the  SLD  icing  tests  was  to  measure  in  a 
wind  tunnel  the  effect  of  artificial  ice  shapes^”  on  the  aileron  hinge  moment.^’  Based  on  the  wind 
tunnel  tests,  Embraer  determined  that  a  strip  of  1-inch  wood  quarter-round  molding  positioned 
spanwise  along  the  aft  edge  of  the  leading  edge  deicing  boot  segments  on  the  upper  wing 


The  BAA  requires  airworthiness  authorities  to  keep  each  other  informed  of  significant 
airworthiness  modifications  and  special  inspections  that  they  determine  are  necessary  and  to  work  cooperatively  to 
determine  whether  major  design  changes  and  major  repairs  comply  with  the  laws,  regulations,  and  requirements 
under  which  the  product  was  originally  certificated  and  approved. 

The  tanker  airplane  was  a  U.S.  Air  Force  KC-135  equipped  with  a  boom-mounted  water  nozzle 
array  designed  to  produce  an  icing  cloud  with  the  desired  droplet  size  and  water  content. 

Embraer  used  1-inch,  %-inch,  and  */2-inch  quarter  round  artificial  ice  shapes,  located  in  various 
positions  on  the  upper  surface  of  the  wing  to  evaluate  the  effect  of  SLD  ice  shapes  on  aileron  hinge  moment. 

Aileron  hinge  moments  are  a  function  of  the  air  pressure  distribution  on  the  surface  of  the 
aileron  and  associated  balance  devices,  as  well  as  the  chordwise  location  of  the  hinge  line. 
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surface^^  produced  a  severe  aerodynamic  effect  on  the  aileron  (and  general  flight  handling 
characteristics).  The  results  obtained  from  the  wind  tunnel  tests  (hinge  moment  coefficient, 
estimated  loss  of  lift,  drag  increase  and  associated  rolling  and  yawing  moments)  were 
incorporated  into  the  simulator  aerodynamic  model,  and  a  series  of  simulator  flights  were 
performed  to  assess  the  handling  characteristics  and  controllability  of  the  airplane. 

After  simulator  flights  demonstrated  that  actual  flight  tests  could  safely  be 
performed,  an  EMB-120  prototype  airplane  was  rigged  with  devices  that  would  allow  each  ice 
shape  segment  to  be  released  in  flight.  When  these  devices  were  installed,  the  aircraft  was 
configured  with  the  quarter-round  artificial  ice  shapes,  which  were  divided  into  three  equal- 
length  segments  on  each  wing.  High-speed  taxi  tests  were  performed  to  verify  aileron  forces  and 
to  confirm  operation  of  the  ice  shape  releasing  devices.  During  the  subsequent  flight  tests, 
conditions  that  were  presumed  to  be  less  critical  were  simulated  first,  then  the  number  and  size  of 
quarter-round  artificial  ice  shape  segments  were  increased.  At  each  stage,  the  quarter-round 
artificial  ice  shapes  were  tested  at  various  airspeeds  under  symmetrical  and  asymmetrical  ice 
shape  conditions. 

According  to  Embraer  and  the  FAA,  the  flight  tests  showed  that  the  airplane  was 
“fully  controllable  without  any  lateral  control  degradation”  in  the  most  critical  ice  conditions; 
however,  the  pilot  force  required  to  return  to  a  wings-level  condition  (with  1-inch  quarter-round 
artificial  ice  shapes,  asymmetrically  positioned,  at  the  recommended  holding  airspeed  of  160 
knots)  exceeded  the  maximum  (60  pounds  of  force)  permitted  by  the  FARs  for  certification. 
Embraer  speculated  that  the  control  wheel  force  exceedence  occurred  because  the  1-inch  quarter- 
round  artificial  ice  shapes  used  during  the  tests  were  “much  more  critical”  than  the  natural  ice 
accretion  that  would  occur  on  an  EMB-120  operating  in  SLD  icing  conditions.  Therefore,  the 
test  program  was  expanded  to  include  in-flight  icing  tanker  tests.  According  to  Embraer,  the 
purpose  of  the  icing  tanker  flight  tests  was  the  following: 

•  To  determine  the  real  shape  of  the  ice  accumulated  during  freezing 
rain/freezing  drizzle  exposure,  and 

•  To  determine  the  visual  cues  to  allow  pilots  to  recognize  when  they  are 
flying  in  freezing  rain/freezing  drizzle. 

The  icing  tanker  flight  test  was  accomplished  by  operating  an  EMB-120  in  a  spray 
of  supercooled  water  droplets  generated  by  the  icing  tanker;  40  micron  MVD  and  170  micron 
MVD  droplets  were  sprayed  to  simulate  Part  25  appendix  C  and  SLD  icing  environments, 
respectively.  The  tanker  flight  tests  were  conducted  at  airspeeds  between  160  knots  and  175 
knots,  with  the  EMB-120’s  landing  gear  and  flaps  retracted.^^  Using  data  collected  during  the 


The  wooden  strips  were  placed  at  6  percent  MAC  along  the  leading  edge  deicing  boot  segments; 
this  placement  is  coincident  with  the  aft  edge  of  the  farthest  aft  inflatable  deicing  tube  and  is  located  well  forward  of 
the  ailerons. 

The  airspeeds  and  configuration  used  during  the  SLD  icing  controllability  tests  were  selected 
because  they  were  representative  of  the  airspeeds  and  configuration  an  EMB-120  would  operate  at  as  it  descended 
through  clouds  approaching  its  destination.  Because  the  icing  tanker  airplane  flight  tests  were  not  intended  to 
identify  the  EMB-120’s  flight  handling  characteristics  throughout  its  entire  range  of  operation,  and  to  maintain  safe 
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tanker  testing,  ice  shapes  that  were  more  realistic  than  the  quarter-round  shapes  were  developed 
and  additional  flight  testing  was  accomplished  with  the  new  ice  shapes.  According  to  FAA  and 
Embraer  personnel,  during  these  additional  flight  tests,  the  control  wheel  forces  required  to 
maintain  or  return  to  a  wings-level  attitude  during  all  flight  conditions  (dynamic  and  static) 
remained  less  than  the  maximum  specified  by  the  FAA  for  aircraft  certification. 

FAA  and  Embraer  personnel  also  observed  that  ice  accumulations  on  both  the 
wing  and  propeller  spinner  revealed  different  accumulation  patterns  in  SLD  conditions  than  those 
observed  in  Part  25  appendix  C  icing  conditions.  Specifically,  on  the  wing,  the  unique  visual  cue 
consisted  of  ice  accumulation  on  the  deicing  boot  aft  of  the  last  inflatable  tube;  on  the  propeller 
spinner,  the  ice  accumulation  extended  beyond  mid  length  to  the  aft  end  of  the  spinner.  These 
visual  cues  could  be  used  by  pilots  to  recognize  when  the  airplane  was  operating  in  SLD  and  not 
Part  25  appendix  C  icing  conditions. 

On  April  12,  1996,  Embraer  published  Operational  Bulletin  (OB)  No.  120-002/96 
to  provide  EMB-120  operators  and  other  interested  personnel  with  information  regarding  the 
results  of  the  SLD  controllability  tests.  The  OB  and  other  information  that  were  available  to 
EMB-120  operators  and  the  FAA  are  discussed  further  in  section  1.18.2  and  its  subsections.  A 
copy  of  OB  No.  120-002/96  is  attached  in  appendix  G. 


1.6.2  Pilot  Reports  Regarding  EMB-120  Flight  Characteristics  and  Operations 

During  postaccident  interviews,  Comair  pilots,  instructors,  and  check  airmen  were 
questioned  about  the  flight  handling  characteristics  of  the  EMB-120  (in  general  and  in  icing 
conditions)  and  about  Comair’ s  EMB-120  operations  and  practices.  Their  responses  included  the 
following  assessments: 

•  Easy  to  fly 

•  Stable,  reliable 

•  No  noted  flight  handling  anomalies  during  operations  in  icing  conditions 

•  Needs  lots  of  attention  to  trim;  specifically,  the  rudder  is  highly  effective,  and 
mdder  trim  needs  to  be  adjusted  frequently 

•  Powerful,  responsive  engines;  changes  in  power  settings  frequently  resulted 
in  left  yaw,  which  was  corrected  by  adjustments  to  rudder  trim 

•  Equipment  worked  properly;  if  something  broke,  the  company  fixed  it 

Interviewed  personnel  reported  that  they  were  unaware  of  any  systemic  problems 
with  the  EMB-120,  other  than  the  difficulties  the  EMB-120  had  with  propeller  overspeeds  in  the 
past;^"^  these  problems  were  addressed  and  corrected  by  actions  required  in  an  FAA  AD.  Many  of 


operating  airspeeds  for  the  tanker  airplane,  the  EMB-120  was  not  evaluated  at  slower  airspeeds  and/or  other 
configurations. 

Although  there  were  no  anecdotal  accounts  of  EMB-120  aircraft  having  more  difficulty  than 
other  turbopropeller-driven  aircraft  in  icing  conditions,  six  EMB-120  icing-related  accidents/incidents  occurred 
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the  pilots  interviewed  reported  that  they  had  operated  the  EMB-120  in  icing  conditions  (one  even 
reported  having  flown  in  SLD  icing  conditions,  stating  that  he  exited  the  conditions  as  soon  as 
possible)  and  observed  ice  accumulation  on  the  airfoils.  None  of  the  pilots  noted  any  adverse 
flight  handling  characteristics  or  reported  any  difficulty  controlling  the  airplane  under  any 
circumstances. 

1.6.2.1  EMB-120  Airspeed  Information  (Pilot  Interviews/Comair’s  Manuals) 

The  Safety  Board  conducted  postaccident  interviews  with  16  Comair  EMB-120 
pilots/instructors/line  check  airmen  and  asked  them  (among  other  things)  about  EMB-120 
configuration  and  minimum  airspeeds.  The  pilots’  responses  to  these  questions  varied,  although 
in  general,  Comair’ s  pilots  appeared  uncomfortable  with  the  idea  of  operating  the  EMB-120  at 
150  knots  in  icing  conditions  without  flaps  extended  and  commented  that  the  manuals  did  not 
contain  information  about  minimum  airspeeds  for  various  airplane  configurations  in  icing 
conditions.  Most  of  the  pilots  stated  that  they  added  5  to  10  knots  to  the  Vref  (reference  airspeed 
for  final  approach)  speed  while  operating  in  icing  conditions.  Several  pilots  reported  that  they 
could  not  envision  circumstances  under  which  they  would  operate  the  EMB-120  at  150  knots  in 
the  clean  configuration  in  icing  conditions;  they  indicated  that  if  they  were  assigned  an  airspeed 
of  150  knots  by  ATC,  they  would  select  15°  of  flaps  or  request  a  higher  airspeed.^^  Many  of  the 
pilots  stated  that  they  would  normally  expect  to  select  15°  of  flaps  when  they  were  relatively 
close  to  their  destination  airport;  for  example,  within  3  to  5  miles  of  the  airport  on  a  base  leg 
during  a  visual  approach,  or  one  dot  below  the  glideslope,  or  an  equivalent  position  during  an 
instrument  approach  to  land.  They  indicated  that  it  would  be  unusual  to  operate  the  airplane 
configured  with  15°  of  flaps  while  19  miles  from  the  destination  airport  (the  accident  location), 
but  they  added  that  it  would  also  be  unusual  to  be  assigned  an  airspeed  of  150  knots  while  being 
vectored  that  distance  from  the  destination  airport. 

During  postaccident  interviews,  one  EMB-120  first  officer  stated  that  there  was 
no  “operational  requirement  to  have  the  flaps  set  at  15°”  when  the  airplane  was  slowed  to  150 
knots,  but  he  “usually  put  the  flaps  down  to  15°  around  160  knots”  because  the  minimum 
airspeed  for  a  no-flap  landing  was  160  knots.  Another  EMB-120  first  officer  stated  that  at  150 
knots  and  24,000  pounds  gross  weight  (the  approximate  weight  of  the  accident  airplane),  he 
would  normally  expect  to  have  15°  of  flaps  extended;  however,  he  stated  that  this  would 
normally  occur  when  the  airplane  was  within  3  miles  of  the  airport.  Another  first  officer 
interviewed  after  the  accident  was  uncertain  whether  he  would  have  accepted  an  assigned 
airspeed  of  150  knots.  He  cited  a  flight  standards  bulletin  (FSB)^’  that  recommended  a  minimum 
holding  and  climbing  airspeed  of  170  knots. 


before  the  Comair  flight  3272  accident;  these  events  are  discussed  in  section  1.18.2.  Additionally,  a  postaccident 
EMB-120  icing-related  incident  involving  Westair  flight  7233  is  discussed  in  section  1.18.2.9. 

“Clean”  refers  to  an  aircraft  with  its  landing  gear  and  flaps  retracted. 

Wing  flaps  are  designed  to  change  the  shape  of  the  airfoil  to  allow  the  airplane  to  operate  at 
slower  airspeeds  without  stalling  and  are  used  principally  for  approach  to  landing  and  landing.  Use  of  flaps 
increases  both  lift  and  drag  on  the  airfoil. 

For  further  information  regarding  this  FSB  (FSB  96-04),  see  section  1.18.2.6. 
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When  asked  if  he  would  be  comfortable  on  a  20  mile  final  at  150  knots  in  a  clean 
configuration,  one  Comair  EMB-120  captain  stated  that  it  would  “depend  upon  how  ATC  was 
handling  the  flight.”  He  further  stated  that  it  would  be  unusual  to  be  assigned  150  knots  while 
being  vectored  20  miles  from  the  destination  airport  and  that  he  would  not  expect  to  be  that  slow 
until  he  was  closer  to  the  airport.  He  told  investigators  that  “in  most  situations”  at  150  knots,  the 
airplane  would  be  on  the  approach  and  he  would  use  15°  of  flaps.  Another  Comair  EMB-120 
captain  stated  that  he  “did  not  advocate  flying  at  150  knots”  without  flaps  extended.  However, 
he  stated  that  the  published  final  segment  airspeed  (Vfs)^^  for  an  EMB-120  operating  at  24,000 
pounds  gross  weight  was  147  knots,  which  he  considered  the  absolute  minimum  airspeed  for 
operating  the  airplane  without  flaps.  (According  to  Comair’ s  V-speed  reference  cards,  an  EMB- 
120  landing  at  a  gross  weight  of  24,000  pounds,  at  a  temperature  of  0°  C,  would  have  a  Vfs  of 
143  knots,  a  Vref  flaps  0  [approach  reference  speed  with  no  flaps  extended]  of  147  knots,  with  a 
stall  speed  in  the  clean  configuration  [landing  gear  and  flaps  retracted]  of  1 14  knots.  See  figure 
2.) 


One  of  Comair’s  EMB-120  flight  instructors  stated  that  he  did  not  know  the 
airspeed  limitations  off  hand,  and  that  “your  position  on  the  approach,  intercept  vector  or  on 
base,”  determined  when  flaps  should  be  lowered.  He  further  stated  that  the  EMB-120  minimum 
maneuvering  airspeed  without  flaps  was  140  knots;  he  was  not  aware  of  a  different  published 
minimum  airspeed  for  operations  in  icing  conditions,  except  for  the  170  knot  minimum  airspeed 
for  holding  without  gear  or  flaps  extended.  However,  the  flight  instructor  told  investigators  that 
he  would  “not  fly  at  150  [knots]  clean,  would  go  to  flaps  15,  unless  in  icing  conditions. .  .may  not 
want  to  put  flaps  out.  [In  that  case,  he]  would  tell  ATC  and  stay  at  170  knots.”  He  also  stated 
that  he  would  not  extend  flaps  beyond  5  miles  from  the  destination  airport  in  icing  conditions. 

Comair’s  EMB-120  chief  instructor  told  investigators  “[t]he  only  speed  for  icing 
is  minimum  of  160,  recommended  to  be  170... train  to  use  170  in  holding  in  icing.”  He  further 
stated  that  there  was  no  flap  usage  modification  for  operating  in  icing  conditions.  In  addition, 
Comair’s  EMB-120  Program  Manager  told  investigators  that  there  were  no  published  minimum 
maneuvering  airspeeds  for  the  EMB-120.  He  stated  that  the  only  minimum  airspeed  he  was 
aware  of  in  the  AFM  was  “a  minimum  holding  speed  of  160  knots  in  icing  conditions.  Comair 
added  10  knots  to  that  and  made  it  170  knots  in  holding,^^  without  consideration  of  whether  icing 
conditions  are  present.... There  are  no  minimum  speeds  associated  with  the  terminal  area,  and  no 
speeds  published  in  the  airplane  flight  manual.” 

During  postaccident  interviews,  a  Comair  EMB-120  line  check  airman  stated  that 
he  “would  personally  not  reduce  to  speed  slower  than  [160  knots]  without  configuring.”  Another 
Comair  EMB-120  line  check  airman  stated  that  the  suggested  minimum  airspeed  for  an  EMB- 
120  on  approach  is  170  knots;  he  added,  “the  airplane  should  fly  safely  at  150  knots  clean,  but  it 
is  not  a  practice  [we]  advocate.  When  somebody  gets  close  to  Vfs  [final  segment  airspeed]  (141 
knots  to  147  knots),  those  are  the  minimum  clean  speeds.... It  is  [an  airspeed]  bug  that  is  always 


Vfs  is  the  target  airspeed  for  flap  retraction  after  takeoff  or  during  a  go-around. 

In  its  October  1996  FSB,  Comair  specified  a  minimum  holding  airspeed  in  icing  conditions  of 
170  knots.  ATC  had  not  issued  holding  instructions  to  the  pilots  of  Comair  flight  3272,  nor  had  ATC  indicated  that 
the  pilots  should  expect  to  receive  holding  instructions  during  the  approach  to  DTW. 
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set  in  front  of  the  pilot  and  can  be  used  as  a  reminder  of  the  speed  to  always  remain  above.  Most 
pilots  would  tell  you  that  is  the  minimum  airspeed,  clean.”  Yet  another  Comair  EMB-120  line 
check  airman  stated  that  the  recommended  minimum  airspeed  with  no  flaps  was  170  knots,  and 
that  15“  of  flaps  should  be  added  when  the  airplane  was  on  the  base  leg  of  the  approach. 
However,  later  in  the  interview,  this  line  check  airman  told  investigators  that  for  an  EMB-120  at 
24,000  pounds  with  no  flaps  extended,  “Vref  would  be  147  knots,  but  the  approach  speed  is  160 
knots.  If  there’s  icing  on  the  airframe,  manufacturer  says  to  add  5  to  10  knots  to  Vref.  hi  that 
situation,  with  a  clean  airplane  the  minimum  speed  would  be  152  knots.”  He  stated  that  the 
manufacturer  advised  pilots  to  increase  their  reference  airspeed  if  they  suspected  that  ice  was 
accumulating  on  the  airframe  because  of  possible  aerodynamic  degradation. 

The  Safety  Board  reviewed  the  airspeed  guidance  available  to  pilots  at  the  time  of 
the  accident  and  noted  that  the  limitations  sections  of  Embraer’s  EMB-120  airplane  flight  manual 
(AFM)  and  Comair’s  EMB-120  flight  standards  manual  (FSM)  contained  some  guidance 
regarding  maximum  airspeeds,^*^  and  both  manuals  specified  a  maneuvering  airspeed  of  200 
knots;  however,  neither  manual  contained  specific  minimum  airspeeds  for  various  aircraft 
configurations/flap  settings  and  phases  of  flight.  Comair’s  EMB-120  FSM  also  contained 
airspeed  information  in  the  maneuvers,  normal,  and  nonnormal  procedures  descriptions.  For 
example,  the  guidance  included  in  Comair’s  FSM  for  an  ILS  approach  associated  the  base  leg 
vector/procedure  turn  inbound  position  with  170  knots  and  the  flaps  15  configuration. 
Additional  guidance  in  the  FSM  for  the  ILS  approach  associated  150  knots  airspeed  with  the 
selection  of  25“  of  flaps.  Although  this  airspeed  information  did  not  constitute  minimum 
airspeed  guidance  or  a  required  procedure,  it  was  the  procedure  that  Comair  used  in  its  training 
program  and  represented  in  its  manuals  for  operating  and  configuring  the  airplane  on  an  ILS 
approach. 


Comair’s  EMB-120  FSM  also  contained  guidance  for  a  no-flaps  approach  and 
landing  (a  nonnormal  procedure)  that  specified  a  minimum  airspeed  of  160  knots  while 
maneuvering  on  the  approach,  with  a  slight  airspeed  reduction  (the  amount  varying  with  the 
weight  of  the  airplane)  once  established  on  final  approach.  Further,  the  flap  control  fault  (a 
nonnormal  procedure)  checklist  procedure  advised  pilots  to  add  35  knots  to  the  reference 
airspeed  for  45“  of  flaps  for  the  zero  flaps  configuration,  resulting  in  mrspeeds  between  140  and 
150  knots  (again  depending  on  the  airplane’s  gross  weight).  Comair’s  manuals  also  addressed 
final  segment  airspeeds  (Vfs)  of  between  140  knots  and  147  knots,  depending  on  the  airplane  s 
gross  weight. 


At  the  time  of  the  accident,  the  only  icing-related  airspeed  specified  in  Embraer’s 
EMB-120  AFM  and  Comair’s  EMB-120  FSM  was  the  minimum  airspeed  for  holding  in  icing 
conditions  (160  knots).  The  EMB-120  AFM  also  contained  a  general  icing-related  note  that 
advised  “[fjor  approach  procedures  in  known  or  forecast  icing  conditions,  increase  the  airspeed 
by  5... to  10  KIAS  [knots  indicated  airspeed]  until  [on]  short  final.”  However,  during  the  13 
months  before  the  accident  occurred,  Comair  issued  additional  icing-related  guidance  (an 


Maximum  airspeed  guidance  included  the  following:  maximum  operating  airspeeds  (variable 
with  altitude);  the  maximum  flap  extension  speeds  for  15°,  25°,  and  45°  of  flaps  (200  knots,  150  knots,  and  135 
knots,  respectively);  and  maximum  landing  gear  extension/operation  speed  =  200  knots. 
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interoffice  memo  and  an  FSB)  that  advised  EMB-120  pilots  to  maintain  higher  airspeeds  than 
normal  when  operating  in  icing  conditions.  Comair’s  December  8,  1995,  inter-office  memo 
advised  pilots  not  to  operate  the  EMB-120  at  less  than  160  knots  in  icing  conditions  and  to 
operate  at  170  knots  for  holding  in  icing  conditions.  According  to  Comair,  this  memo  was 
distributed  in  1995  to  all  EMB-120  pilots  in  their  mailboxes  and  a  30-day  pilot-read  binder.  FSB 
96-04,  issued  on  October  18,  1996,  advised  pilots  to  maintain  a  minimum  airspeed  of  170  knots 
when  climbing  on  autopilot  or  holding  in  icing  conditions,  with  no  mention  of  a  minimum 
airspeed  for  nonclimbing/nonholding  icing  operations.  Comair’s  EMB-120  FSM  and  FSB  96-04 
also  stated  “when  there  is  any  suspected  residual  airframe  icing,  use  25°  flaps  ONLY,  and  use 
Vref  +5  KIAS  for  reference  speed.”  Comair  pilots  were  instructed  to  insert  FSB  96-04  in  the 
bulletin’s  section  in  the  back  of  their  copies  of  the  FSM. 

Additional  preaccident  airspeed  guidance  was  contained  on  the  same  page  as 
revision  43  to  Embraer’s  EMB-120  AFM  (issued  in  April  1996  and  largely  based  on  information 
contained  in  Embraer’s  OB  120-002/96),  which  indicated  that  the  manufacturer’s  recommended 
minimum  airspeed  for  the  EMB-120  in  icing  conditions  with  landing  gear  and  flaps  retracted  was 
160  knots.  (Although  the  AFM  page  containing  revision  43  had  been  inserted  in  Comair’s  EMB- 
120  AFMs  [maintained  in  each  EMB-120  in  Comair’s  fleet],  at  the  time  of  the  accident,  Comair 
had  not  incorporated  the  AFM  revision  43  information  into  its  EMB-120  FSM.)  The  same  AFM 
page  also  contained  a  note  advising  pilots  to  increase  the  airspeed  by  5  to  10  knots  during 
approach  procedures  (until  on  short  final  approach).  This  note  had  been  contained  in  the  EMB- 
120  AFM  at  least  since  revision  27,  dated  August  1,  1991;  however,  Comair’s  FAA-approved 
FSM  did  not  contain  a  note  advising  pilots  to  increase  the  airspeed  by  5  to  10  knots  during 
approach  procedures  (until  on  short  final  approach).  According  to  Comair  representatives, 
Comair’s  pilots  used  the  company’s  Operations  Manual  and  FSM  as  their  primary  sources  of 
procedural  guidance,  not  the  EMB-120  AFM.  Comair’s  EMB-120  pilots  did  not  receive  copies 
of  revision  43  to  the  EMB-120  AFM.  Additional  information  regarding  the  December  8,  1995, 
interoffice  memo,  FSB  96-04,  Embraer’s  EMB-120  AFM  revision  43,  and  Embraer’s  OB  120- 
002/96  is  included  in  section  1.18  and  its  subsections  and  appendixes  G  and  H. 


1.6.3  EMB-120  Systems 

The  EMB-120  systems  (including  flight  control,  stall  waming/protection, 
autopilot,  and  ice  protection  systems)  were  certificated  in  accordance  with  FAR  Part  25.1309, 
“Equipment,  Systems,  and  Installations.”  According  to  Part  25.1309,  an  airplane’s  systems  must 
be  designed  to  ensure  that  they  perform  their  intended  functions  under  any  foreseeable  operating 
condition.  Part  25.1309  further  states,  “[wjaming  information  must  be  provided  to  alert  the  crew 
to  unsafe  operating  conditions,  and  to  enable  them  to  take  appropriate  corrective  action. 
Systems,  controls,  and  associated  monitoring  and  warning  means  must  be  designed  to  minimize 
crew  errors  which  could  create  additional  hazards.” 
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1.6.3.1  Stall  Warning/Protection  System 

The  stall  warning  system  installed  on  the  EMB-120  was  designed  and 
manufactured  in  compliance  with  FAR  Part  25.207  (dated  January  16,  1978),  “Stall  Warning,” 
which  requires  that  “stall  warning  with  sufficient  margin  to  prevent  inadvertent  stalling  with  the 
flaps  and  landing  gear  in  any  normal  position  must  be  clear  and  distinctive  to  the  pilot  in  straight 
and  turning  flight. . .  .through  the  inherent  aerodynamic  qualities  of  the  airplane  or  by  a  device  that 
will  give  clearly  distinguishable  indications.... in  each  of  the  airplane  configurations.... The  stall 
warning  must  begin  at  [an  airspeed]  exceeding  the  stalling  speed... by  seven  percent  or  at  any 
lesser  margin  if  the  stall  warning  has  enough  clarity,  duration,  distinctiveness,  or  similar 
properties.” 


The  EMB-120  stall  warning  system  provides  sequential  warning  to  alert  the  pilots 
to  an  impending  stall  condition.  The  system  consists  of  two  identical  stall  warning  subsystems 
(captain’s  and  first  officer’s)  that  function  independently  and  redundantly  to  drive  two  control 
column  (stick)  shakers,  two  pusher  servos,  and  the  aural  warning  system.  By  design,  when  the 
airplane’s  angle-of-attack  (AOA)'*’  reaches  10.2°,  the  stick  shaker  activates  (the  control  column 
vibrates  and  the  aural  indication  [the  “clacker”]  activates).  When  the  airplane’s  AOA  reaches 
12.5°,  the  stick  pusher  activates  (the  stall  warning  tone  sounds  and  the  control  column  is  pushed 
forward).  The  stick  pusher  maintains  a  forward  pressure  until  the  airplane  reaches  a  normal 
acceleration  of  Vi  G,  AOA  is  reduced,  or  the  pilot  disconnects  the  stall  waming/protection 
system. 


The  FAST/SLOW  indicator  system  is  another  part  of  the  stall  protection  system 
and  uses  AOA  to  indicate  the  optimum  approach  speed  (about  1.3  Vs)  for  any  flap  setting.  The 
FAST/SLOW  indicators  are  diamond-shaped  indicators  located  on  the  left  side  of  the  electronic 
attitude  director  indicator  (EADI),  which  indicate  deviations  (up  =  FAST,  down  =  SLOW)  from 
the  optimum  approach  speeds,  as  represented  by  a  center  reference  mark  on  the  EADI. 

The  stall  waming/protection  system  is  designed  to  activate  for  each  flap  setting  at 
specific  angular  airflow  values  measured  by  the  AOA  and  sideslip  sensors.  The  activation 
schedule  was  established  for  a  clean  EMB-120  wing  (without  ice  contamination).  The  stall 
waming/protection  on  the  EMB-120  does  not  aecount  for  the  presence  and  effect  of  small 
amounts  of  contamination,  such  as  ice  on  the  surface  of  an  airfoil. 

According  to  Embraer,  there  is  no  logic  connection  between  the  ice  protection 
system  (see  section  1. 6.3.4  for  a  discussion  of  the  ice  protection  system)  and  the  stall  warning 
system.  In  its  investigation  of  the  ATR-72  accident  near  Roselawn,  Indiana,  the  Safety  Board 
found  that  the  stall  warning  system  (stick  shaker)  installed  in  the  ATR-72/42  airplanes  at  the  time 
of  that  accident  activated  at  a  lower  AOA  (7.5°  instead  of  12.5°)  when  the  anti-icing  system  was 
activated  to  account  for  the  aerodynamic  changes  expected  when  the  airplane  was  operating  in 
icing  conditions  defined  by  Part  25  appendix  C.  Additionally,  the  Safety  Board  learned  that  ATR 
has  been  evaluating  a  new  technology  stall  waming/protection  system  that  could  detect  upper 


The  stall  warning/protection  system  logic  uses  information  from  the  two  AOA  vanes  (left  and 
right)  and  sideslip  sensors  and  applies  a  conversion  factor  to  determine  the  airplane’s  AOA  for  system  applications. 
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wing  surface  airflow  turbulence  associated  with  airflow  separation.'^^  Another  new  technology 
stall  waming/protection  system  measures  the  change  in  sound  (amplitude  and  frequency)  of  the 
airflow  over  the  upper  surface  of  an  airfoil;  during  wind  tunnel  tests  at  the  National  Aeronautics 
and  Space  Administration’s  (NASA)  Lewis  Research  Center,  this  system  demonstrated  reliability 
in  the  detection  of  airflow  separation. 

The  Safety  Board’s  review  of  the  accident  airplane’s  maintenance  records 
regarding  the  stall  protection  system  revealed  that  during  the  60  days  before  the  accident,  the 
following  two  discrepancies  were  reported  and  resolved: 

•  On  December  11,  1996,  a  flightcrew  noted  that  the  right  stall  warning  test  did 
not  clear  after  the  test  was  complete.  Maintenance  personnel  reset  the  right 
stall  warning  system,  and  the  subsequent  operational  check  was  satisfactory. 

•  On  December  17,  1996,  a  flightcrew  reported  that  the  right  stall  warning  did 
not  test  properly.  Maintenance  personnel  corrected  the  discrepancy  by 
centering  the  left  and  right  AOA  vanes. 

1.6.3.2  Autopilot  System  Information 

The  airplane  was  equipped  with  an  APS-65  three-axis  dual  flight  control  autopilot 
system,  manufactured  by  the  Collins  General  Aviation  Division  of  Rockwell  International,  in 
accordance  with  FAR  Part  25.1329,  which  states  that  the  autopilot  must  be  designed  so  that 
pilots  are  able  to  “quickly  and  positively”  disengage  it  to  prevent  it  from  interfering  with  their 
control  of  the  airplane.  FAR  Part  25.1329  further  states  that  “within  the  range  of  adjustment 
available  to  the  human  pilot,  it  cannot  produce  hazardous  loads  on  the  airplane,  or  create 
hazardous  deviations  in  the  flightpath,  under  any  condition  of  flight  appropriate  to  its  use,  either 
during  normal  operation  or  in  the  event  of  a  malfunction,  assuming  that  corrective  action  begins 
within  a  reasonable  period  of  time"^^.... Protection  against  adverse  interaction  of  integrated 
components,  resulting  from  a  malfunction,  is  also  required.” 

According  to  Comair’s  EMB-120  study  guide,  the  autopilot  computer  is  a  flight 
guidance  computer  with  servo  control  circuit  cards  for  roll,  pitch,  yaw,  and  elevator  trim.  The 
autopilot  computers  are  designed  to  incorporate  information  from  many  sources  (its  internal 


This  system  measured  the  pressure  of  the  airflow  above  the  upper  wing  surface  with  a  probe 
located  at  about  70  percent  wing  chord,  inboard  of  the  ailerons.  The  system  has  been  tested  in  wind  tunnels  and  on 
numerous  airplanes,  including  ATR-72/42s,  a  Cessna  421,  a  NASA  Sabreliner,  and  a  Fokker  100. 

AC  25.1329-lA,  “Automatic  Pilot  Systems  Approval,”  (published  by  the  FAA  on  July  8,  1968,) 
sets  forth  an  acceptable  means  by  which  compliance  with  Part  25.1329  may  be  demonstrated  by  autopilot 
manufacturers.  According  to  AC  25. 1329-1  A,  “[a]  three-second  delay  between  airplane  response  to  an  automatic 
pilot  malfunction  and  pilot  corrective  action  has  been  considered  an  acceptable  value  on  past  type  certification 
programs  for  transport  category  aircraft.... The  first  indication  a  pilot  has  of  a  malfunction  of  the  autopilot  is  from  a 
deviation  of  the  airplane  from  the  intended  flight  path,  abnormal  control  movements,  or  a  reliable  failure  warning 
system.  Present  operating  procedures  require  that  at  least  one  pilot  monitor  the  behavior  of  the  airplane  and 
associated  autopilot  performance  at  all  times.  The  three-second  delay  applied  in  normal  climb,  cruise,  and  descent, 
and  the  one-second  delay  applied  during  low  approaches  [and  maneuvering  flight]  are,  therefore,  reasonable  delay 
times,  provided  that  pilot  recognition  of  the  malfunction  is  the  basis  of  these  time  delays.” 
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cards,  the  flight  control  panel,  autopilot  panel,  attitude  and  heading  reference  system  [AHRS],  air 
data  sensors,  compass  system,  and  radio  navigation  system)  to  provide  lateral  and  vertical 
steering  commands  to  drive  the  autopilot  servos.  The  AHRS  calculates  the  airplane’s  pitch  and 
roll  attitude  for  the  computer  and  provides  the  computer  with  turn  - rate,  roll  rate,  lateral 
acceleration,  and  vertical  acceleration  for  proper  autopilot  computation.  Comair  training 
personnel  stated  that  the  autopilot  computer  then  compares  the  autopilot’s  commanded  inputs 
with  the  sensed  flight  conditions  and  responds  by  providing  additional  commands  to  the  autopilot 
servos  to  correct/adjust  for  any  differences.  For  example,  if  the  autopilot  commanded  a  roll 
angle  and  calculated  that  the  roll  rate  was  greater  than  that  which  would  attain  the  commanded 
roll  angle,  the  autopilot  aileron  servos  would  apply  pressure  to  counter  the  bank,  to  prevent  the 
autopilot  command  limits  from  being  exceeded.  (Figure  3  is  a  list  of  the  autopilot’s  operational 
tolerances/command  limits.) 

The  autopilot’s  vertical  operating  modes  include  pitch,  altitude,  indicated 
airspeed,  and  vertical  speed  hold  modes,  altitude  preselect,  and  descent  and  climb  rate  modes. 
According  to  the  EMB-120  study  guide,  in  the  altitude  hold  mode,  the  autopilot  maintains  the 
airplane  at  the  selected  altitude  by  changing  the  pitch  attitude  of  the  airplane.  The  pilot  must 
maintain  sufficient  power  settings  to  ensure  a  safe  airspeed  when  the  autopilot  is  engaged 
because  the  autopilot  installed  on  the  EMB-120  does  not  control  engine  power  setting. 

The  autopilot’s  lateral  operating  modes  include  navigation,  approach,  backcourse, 
go-around,  roll  angle  (bank  and  Vi  bank  options),  and  heading  hold  modes.  To  command  a  turn, 
the  autopilot  commands  aileron  deflections  by  applying  torque  to  the  aileron  control  cable  system 
through  the  autopilot  servo  mount.  (For  additional  information  regarding  the  autopilot  servo 
mount,  see  section  1.16.1.4.)  According  to  the  EMB-120  Operations  Manual,  the  maximum 
autopilot-commanded  bank  angle  in  the  heading  mode  is  25°  +!-  2.5°.  FDR  information 
indicated  that  the  autopilot  was  in  the  heading  mode  at  the  time  of  the  accident.  (According  to  a 
Comair  EMB-120  ground  school  instructor,  Comair’ s  pilots  are  taught  to  use  the  heading 
knob/mode  for  primary  directional  control  during  flight.) 

The  autopilot  control  panel  consists  of  an  annunciator  panel,  a  turn  control,  a 
vertical  trim  switch,  yaw  channel  engage,  autopilot  engage,  soft  ride  mode  select,  and  Vi  bank 
buttons  (see  figure  4).  Operation  of  the  turn  control  cancels  any  previously  selected  lateral 
modes  (except  the  approach  mode).  The  V2  bank  button  is  a  “momentary-action  push-on/push-off 
button.  Pushing  it  selects  the  [Vz  bank]  angle  mode,  which  limits  the  maximum  command  roll 
angle  to  [‘/2]  of  the  normal  maximum  autopilot  bank  angle  command  value  in  the  heading  mode 
(12.5°).”  The  1/2  bank  angle  mode  applies  only  to  the  lateral  control  mode  in  which  it  is 
selected — when  the  autopilot  lateral  control  mode  changes  during  flight  (either  pilot- 
commanded,  or  pilot  preselected,  such  as  during  the  transition  from  heading  mode  to  approach 
mode),  the  autopilot  reverts  to  the  standard  bank  angles.  The  pilot  must  subsequently  reengage 
the  V2  bank  button  if  V2  bank  angle  mode  is  desired. 
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Figure  3. -Autopilot’s  operational  tolerances/command  limits. 
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Figure  4.— Autopilot  control  panel. 
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According  to  the  manufacturer,  several  conditions  will  cause  the  autopilot  to 
disengage  automatically,  including  the  following:'^'^ 

•  Roll  attitudes  in  excess  of  45°  and 

•  Activation  of  the  stick  shaker  system 

According  to  Embraer,  a  stick  shaker  activation  will  cause  the  autopilot  to 
unclutch  the  autopilot  servos,  annunciate  an  amber  DIS  (for  disengage)  light  on  the  autopilot 
control  panel  in  the  cockpit,  and  activate  a  single  “ding,  ding,  ding,  autopilot”  aural  alert.  If  the 
airplane  exceeds  the  45°  roll  angle  limit,  the  system  will  unclutch  the  autopilot  servos,  activate  a 
repeated  “ding,  ding,  ding,  autopilot”  aural  alert,  and  illuminate  red  autopilot  fail/disengage 
lights  on  the  autopilot  and  flight  control  panels  and  the  master  warning  panel.  The  autopilot  is 
designed  to  disengage  automatically  under  these  conditions  to  prevent  the  sensors  from  providing 
potentially  erroneous  information  to  the  autopilot  computers.  (Although  the  system’s  sensors  are 
very  accurate  and  provide  valid  information  to  the  autopilot  while  the  airplane  is  operating  within 
a  normal  operating  range,  sensor  accuracy  is  reduced  at  more  extreme  operating  conditions.) 

When  the  autopilot  automatically  disengages  because  of  bank  angle  exceedence  or 
stick  shaker  activation,  it  remains  disengaged  unless  a  flightcrew  member  reengages  the  autopilot 
system.  According  to  Comair’s  EMB-120  study  guide,  the  autopilot  “may  be  engaged  in  any 
reasonable  attitude,”  including  bank  angles  that  exceed  the  normal  command  limits  of  the 
autopilot.  The  study  guide  states  that  if  the  autopilot  is  engaged  when  the  airplane  is  “beyond 
30-degree  bank,  or  15-degree  pitch  up  or  10-degree  pitch  down”  the  autopilot  will  engage  and 
input  commands  to  reduce  the  bank  or  pitch  to  the  appropriate  autopilot  limit.  There  is  no 
cockpit  warning  generated  when  the  airplane’s  roll  angle  exceeds  the  maximum  angle  that  the 
autopilot  can  command,  until  the  roll  angle  exceeds  45°  and  the  autopilot  disengages. 

Comair’s  maintenance  records  indicated  that  the  autopilot  servo  slip  clutch  test 
(recommended  at  12,000  hour  intervals  by  the  manufacturer)  was  accomplished  on  N265CA  on 
September  14,  1996,  at  an  airplane  total  time  of  11,916  flight  hours,  and  the  aileron  servo 
breakaway  torque  values  observed  were  within  the  specified  limits  (175  -t-0/-6  inch-pounds  [in¬ 
lbs]).  Comair’s  maintenance  records  revealed  one  autopilot  system  discrepancy  within  the  60 
days  preceding  the  accident;  on  December  7,  1996,  a  flightcrew  reported  “flight  director  on  both 
sides  is  intermittent  and  auto-pilot  is  inop[erative].”  Maintenance  personnel  cleared  the 
discrepancy  by  performing  a  full  functional  check  of  the  system  (in  accordance  with  Embraer’ s 
maintenance  manual  procedure  No.  22-10-00).  Further,  no  anomalies  were  noted  when  the 
accident  airplane’s  autopilot  system  was  examined  during  the  most  recent  El  inspection  (on 
December  27, 1996). 


According  to  Comair’s  EMB-120  study  guide,  other  conditions  that  will  cause  the  autopilot  to 
disengage  automatically  include  any  major  degradation,  interruption  or  failure  of  the  alternating  current  or  direct 
current  electrical  power  input,  detection  of  a  failure  in  the  autopilot  computer,  loss  of  valid  information  from  the 
AHRS,  and  pitch  attitudes  in  excess  of  30°.  The  autopilot  can  be  manually  disengaged  by  pushing  the 
AP/TRIM/PUSHER  DISC  switch  on  either  pilots’  control  yoke,  pushing  the  AP  ENG  switch  on  the  autopilot  control 
panel,  operating  the  TRIM  switch  on  either  pilots’  control  yoke,  and/or  pulling  either  autopilot  AC  or  DC  circuit 
breaker. 
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1.6.3.3  Ground  Proximity  Warning  System 

According  to  Comair’s  pilot  training  manual,  the  ground  proximity  warning 
system  (GPWS)  Mark  VI  installed  in  the  EMB-120  comprises  a  ground  proximity  warning 
computer  that  receives  input  from  a  number  of  aircraft  systems,  including  the  air  data  computers, 
radar  altimeter,  glideslope  receiver,  and  flap/landing  gear  position  sensors.  Comair’s  pilot 
training  manual  states  that  the  GPWS  “provides  call-outs  which  serve  to  enhance  pilot  situational 
awareness.... During  normal  flight  operations,  the  GPWS  remains  essentially  silent.  Alerts  and 
warnings  are  given  ONLY  when  the  aircraft  is  within  a  computed  dangerous  position  with 
respect  to  the  terrain.”  The  GPWS  (which  is  manufactured  by  AlliedSignal  Commercial 
Avionics  Systems)  provides  six  different  modes  of  cockpit  alerts  and  warnings,  five  of  which 
correspond  to  specifically  identified  controlled  flight-into-terrain  (CFIT)  scenarios  (excessive 
sink  rate,  excessive  closure  rate  with  terrain,  descent  after  takeoff,  terrain  clearance,  and  descent 
below  glideslope).  The  pilot  training  manual  states  that  the  sixth  mode  of  cockpit  alert  and 
warning  “provides  warnings  against  excessive  bank  angles.  At  the  surface,  a  bank  angle  of  15 
degrees  will  produce  the  aural  message  BANK  ANGLE  once  every  3  seconds.  As  [the 
airplane’s  altitude  above  ground  level]  increases,  the  alert  is  shifted  to  progressively  steeper 
angles  of  bank  up  to  50  degrees  at  approximately  [190]  feet  AGL.  The  alert... occurs  at  50 
degrees  of  bank  at  any  higher  altitude.  Reducing  the  bank  angle  cancels  the  alert.”  (Figure  5 
shows  the  bank  angle  alert  envelope.) 

AlliedSignal  personnel  stated  that  they  originally  designed  the  GPWS  Mark  VI 
bank  angle  alert  and  warning  with  a  similar  bank  angle  alert  envelope  (increasing  with  altitude 
above  the  ground),  except  that  when  the  airplane  was  operating  above  190  feet  radar  altitude,  a 
bank  angle  alert  was  generated  if  the  airplane  exceeded  a  40°  bank  angle.  According  to 
AlliedSignal  personnel,  they  revised  the  bank  angle  envelope  up  to  its  current  50°  bank  angle 
threshold  to  obtain  FAA  approval  for  the  design.  AlliedSignal  personnel  indicated  that  FAA 
personnel  required  the  modification  to  the  current  50°  bank  angle  warning  threshold  because  they 
believed  the  40°  bank  angle  alert  activation  would  result  in  too  many  “nuisance”  warnings  during 
pilot  training  maneuvers.  The  FAA’s  Director  of  Aircraft  Certification  Service  indicated  that  the 
FAA  was  concerned  that  too  many  nuisance  warnings  could  cause  more  accidents.  The  accident 
airplane’s  CVR  recorded  the  sound  of  the  GPWS  “bank  angle”  aural  warning  after  the  airplane 
exceeded  50°  of  left  bank — after  the  autopilot  had  automatically  disengaged  at  45°  of  left  bank. 

According  to  AlliedSignal  personnel,  it  would  be  relatively  simple  to  modify  the 
existing  GPWS  Mark  VI  installation  so  that  the  bank  angle  threshold  warning  would  activate  at  a 
reduced  threshold  (for  example,  30°  or  35°  of  bank)  when  the  autopilot  is  activated  and  at  50° 
when  the  autopilot  is  not  in  use.  This  would  provide  pilots  with  a  bank  angle-related  warning 
when  the  autopilot  exceeded  its  command  limits  (before  it  automatically  disengaged)  and  still 
avoid  “nuisance”  warnings  during  training  maneuvers  when  the  autopilot  is  not  engaged. 
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8.8.2  BttnK  Aag^g  MlsM 

The  *BAMK  AHOLE*  callout  Mms  agolnst  cxceeslvelj  hi^  hank  angles.  This 
alert  Might  be  triggorod*  hy  spatial  disorientation,  instrunenc  failure,  or 
hr  exocaaiva  aufMuvaring  close  CO  the  ground  co  coapenaaca  for  an  approach 
offset  condition,  at  tU^c  or  in  aarglf^  visibility  weather. 

Vhon  the  elert  envelope  of ''Figure  6.8. 2-1  is  penetrated,  the  Message 
"RAIQC  AV6U*  is  repeatec  every  Itoae  aeconds. 

rigure  6. 8.2-1:  bceaalve  Bank  Angle  Alert  Envelope 


This  callout  la  optional,  and  re<{uirea  the  availability  of  a  400Rs  synchro 
loll  Attitude  elgnal  to  the  aircraft  per  section  7.2.5. 


Figure  5.— Bank  angle  alert  envelope. 
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1.6.3.4  Ice  Protection  System  Information 

The  EMB-120  ice  protection  system  consists  of  the  following: 

•  Electrical  anti-icing  protection  for  the  windshields,  pitot/static  tubes,  static 
ports,  and  AOA,  side  slip,  and  total  air  temperature  (TAT)  sensors. 

•  Electrical  deicing  protection  for  the  propeller  blades.  According  to  the 
Airplane  Operations  Manual  (AOM),  this  feature  is  intended  “to  permit 
unrestricted  operation  into  known  icing  conditions.” 

•  Pneumatic  deicing  boot  protection  for  the  leading  edges  of  the  wings, 
horizontal  stabilizers,  vertical  stabilizer,  engine  inlet,  and  bypass  duct. 

(The  locations  of  ice-protected  components  are  shown  in  figure  6.) 

According  to  B.F.  Goodrich  personnel,  the  deicing  systems  installed  on  the  EMB- 
120  were  designed  to  remove  ice  that  formed  on  the  protected  aircraft  surface.  The  vdng, 
horizontal  stabilizer,  and  vertical  stabilizer  leading  edges,  and  the  engine  inlet  and  bypass  ducts  are 
deiced  by  pneumatically  inflating  the  rubber  deicing  boots.  Engine  bleed  air  provides  pneumatic 
pressure  for  deicing  boot  operation,  and  ejector  flow  control  valves  cause  the  deicing  boots  to 
inflate***  and  deflate.^  Deicing  boots  are  designed  to  crack  accumulated  ice  when  they  inflate, 
with  the  intent  that  the  ice  is  then  removed  by  the  airstream.  The  deicing  boots  are  bonded  to 
recessed  areas  of  the  leading  edge  surfaces  to  maintain  airfoil  shape  when  they  are  deflated. 

The  EMB-120  deicing  boot  chordwise  coverage  on  the  wings  varies,  depending  on 
the  location  along  the  span  of  the  wing;  for  example,  near  the  root  of  the  wing,  the  deicing  boot 
extends  aft  about  4  percent  of  the  wing  chord  on  the  upper  surface  and  about  814  percent  of  the 
wing  chord  on  the  lower  surface.  Farther  outboard  on  the  wing,  at  a  cross-section  location  near 
the  aileron’s  midspan,  the  deicing  boots  extend  aft  about  714  percent  of  the  wing  chord  on  the 
upper  surface  and  about  10 Vi  percent  of  the  wing  chord  on  the  lower  surface.  According  to 
Embraer  engineers,  because  of  the  ice-shedding  effects  of  deicing  boot  expansion  and  airflow,  the 
actual  area  protected  by  the  deicing  boots  extends  slightly  beyond  the  physical  deicing  boot  area. 


When  the  valves  are  energized  by  the  timer,  pressurized  air  is  allowed  to  enter  the  deicing  boot 
tubes  to  inflate  them. 

^  When  the  valves  are  deenergized  by  the  timer,  the  air  is  routed  through  a  venturi,  which  causes 
a  vacuum  in  the  deicing  boot  tubes  to  deflate  the  deicing  boots. 

According  to  section  30-10-01  of  the  EMB-120  maintenance  manual  (pages  401  through  416), 
after  a  deicing  boot  has  been  installed  on  the  recessed  area  of  the  leading  edge  and  trimmed  to  fit,  maintenance 
personnel  should  apply  a  “heavy  brush  coat  of  the  A-56B  conductive  edge  sealer  to  the  [area  where  the  leading 
edge  deicing  boot  surface  meets  the  wing  skin,  at  the  aft  edge  of  the  wing  leading  edge  recessed  area].”  "^e 
conductive  edge  sealer  provides  a  path  for  static  electricity  to  move  from  the  leading  edge  deicing  boot  to  the  wing 
skin  during  flight.  (Conductive  edge  sealer  is  discussed  further  in  sections  1. 12.2  and  2.4. 1.) 
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Figure  6.— Ice-protected  components  of  the  airplane. 
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The  wing  deice  boots  are  divided  into  three  segments  (outboard,  middle,  and 
inboard),  the  horizontal  stabilizer  boots  are  divided  into  two  segments  (inboard  and  outboard), 
and  the  vertical  stabilizer  boots  are  a  single  segment.  The  tubes  in  each  deicing  boot  segment  are 
oriented  spanwise  along  the  leading  edges.  The  leading  edge  deicing  system  is  controlled  by  two 
toggle  switches  located  on  the  ice/rain  protection  panel:  the  timer  select  switch  and  the  cycle 
switch.  The  cycle  switch  has  two  positions:  heavy  and  light.  During  a  heavy  cycle,  each  deicer 
is  inflated  for  6  seconds  and  deflated  for  54  seconds;  during  a  light  cycle,  each  deicer  is  inflated 
for  6  seconds  and  deflated  for  174  seconds.  When  activated,  the  inflation  sequence  of  the  deice 
boots  is  performed  symmetrically,  beginning  with  the  outboard  wing  segments,  then  middle  wing 
segments,  inboard  wing  segments  and  inboard  horizontal  stabilizer  segments,  and  finally 
outboard  stabilizer  segments  and  the  vertical  stabilizer  deicer. 

The  engine  inlet  and  bypass  duct  deicers  are  controlled  by  two  (left  engine  and 
right  engine)  toggle  switches  located  on  the  ice/rain  protection  panel.  When  the  toggle  switches 
are  in  the  “on”  position,  the  engine  inlet  and  bypass  duct  deicers  are  simultaneously  activated, 
and  cycle  once  every  3  minutes. 

Anti-icing  systems  are  designed  to  prevent  ice  from  forming  on  an  aircraft  surface. 
The  EMB-120  anti-icing  equipment  consists  of  electrically  heated  elements  attached  to  or 
imbedded  in  the  windshield,  AOA  sensors  (left  and  right),  sideslip  sensor,  pitot/static 
probes/ports  (captain’s,  first  officer’s,  and  auxiliary),  and  TAT  probes. 

Also,  the  propellers  are  heated  by  electrical  elements  that  are  molded  into  each 
propeller  blade  leading  edge,  then  connected  to  slip  rings  in  the  forward  face  of  the  propeller 
bulkhead.  The  propeller  deice  system  is  controlled  by  a  three-position  toggle  switch  (TIMER 
1/OFF/TIMER  2)  and  a  two-position  toggle  switch  (COLD/NORM).  The  manufacturer 
recommends  selecting  COLD  when  propeller  deice  is  needed  while  operating  in  temperatures 
less  than  -10°  C.  According  to  the  cold  weather  operations  guidance  in  Comair’s  FSM,  “If  the 
temperature  is  below  +5°  C,  turn  ON  windshield  and  propeller  heat  prior  to  entering  visible 
moisture.” 


1.6.3.4.1  Ice  Protection  System  Maintenance  History 

The  Safety  Board’s  review  of  the  accident  airplane’s  maintenance  records 
revealed  19  ice  and  rain  protection  system  discrepancies/maintenance  items  reported  by 
flightcrews  and/or  maintenance  personnel  between  July  5,  1996,  and  January  2,  1997,  (the  most 
recent  maintenance  write-up/action  before  the  accident).  Following  is  a  summary  of  the  19 
reported  ice  and  rain  protection  system  discrepancies/maintenance  items: 

•  Seven  ice  and  rain  protection  system  maintenance  write-ups  involved  the 
propeller/engine  inlet  deice  systems,  two  of  which  were  reported  by 
flightcrews  after  receiving  a  cockpit  indication  of  a  failure.  One  of  these 
maintenance  entries  was  for  a  routine  propeller  deicing  system  operational 
check,  which  was  conducted  during  the  December  27,  1996,  El  inspection. 
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•  Seven  ice  and  rain  protection  system  maintenance  write-ups  involved  the 
leading  edge  deicing  boots.  One  of  these  write-ups  was  a  flightcrew  report  of 
a  leading  edge  deicing  boot  failure  indication  in  the  cockpit,  which  resulted  in 
the  replacement  of  the  left  wing  outboard  leading  edge  deicing  boot  on  July 
15,  1996.  Five  maintenance  write-ups  involved  deicing  boot  patch  anomalies 
that  were  noted  by  maintenance  personnel,  one  of  which  resulted  in  the  July 
19,  1996,  replacement  of  the  left  wing  middle  and  outboard  leading  edge 
deicing  boot  segments  for  “preventative  maintenance” — ICEX  was  applied  to 
all  boots  during  this  maintenance  visit.  Finally,  one  maintenance  write-up 
described  a  routine  inspection  conducted  during  the  November  20,  1996,  Cl 
inspection,  which  involved  removal,  inspection,  and  reinstallation  of  the  right 
and  left  inboard  leading  edges. 

•  Four  ice  and  rain  protection  system  maintenance  discrepancies  involved 
deicing  boot  ejector  valve  and/or  pressure  regulator  discrepancies,  all  reported 
by  flightcrews  after  receiving  cockpit  indication  of  a  failure.  ICEX  was 
applied  to  all  leading  edge  deicing  boots  during  the  November  1,  1996, 
maintenance  visit  resulting  from  one  of  these  reports.  In  addition,  during 
maintenance  action  resulting  from  one  of  these  discrepancies,  the  right 
outboard  deicing  boot  segment  was  removed  and  replaced. 

•  One  ice  and  rain  protection  system  maintenance  write-up  noted  that  a 
maintenance  item  (task  30-12,  routine  cleaning  of  the  deice  pneumatic  lines, 
due  once  per  year)  due  on  November  3,  1996,  was  delayed."^^ 

According  to  the  maintenance  records,  all  of  the  reported  discrepancies  were 
satisfactorily  addressed  through  maintenance  personnel  action,  although  the  delayed  task  (30-12) 
had  not  yet  been  accomplished  at  the  time  of  the  accident. 


1.6.3.4.2  Ice  Protection  Failure  Warning  System — Functional  Test 

During  postaccident  interviews,  the  first  officer  who  flew  the  airplane  from 
Asheville  to  CVG  (the  leg  before  the  accident  flight)  stated  that  he  inadvertently  bumped  the 
leading  edge  deicing  boot  timer  switch  on  the  ice/rain  protection  panel^^  with  his  head  or 
shoulder  when  he  stood  up  in  the  cockpit  after  the  airplane  was  parked  at  the  gate  in  CVG.  A 
chime  sounded  and  a  light  came  on  indicating  abnormal  deice  system  operation.  According  to 
the  manufacturer,  several  system  anomalies  will  result  in  the  deice  system  failure  warning, 
including  the  absence  of  sufficient  air  pressure.  The  deice  system  uses  engine  bleed  air  for 
pneumatic  pressure,  and  the  engines  were  not  operating  when  the  warning  occurred.  The  first 
officer  stated  that  the  deice  system  failure  warning  appeared  to  be  operating  properly,  and  he 
returned  the  deicing  boot  timer  switch  to  its  middle,  or  OFF,  position  before  he  exited  the 
cockpit. 


An  FAA-approved  change  to  Comair’s  maintenance  inspection  procedure  allowed  the  task  to  be 

The  ice/rain  protection  panel  is  located  on  the  right  side  (first  officer’s  side)  of  the  overhead 
panel,  just  below  the  circuit  breakers  panel. 


delayed. 
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1.7  Meteorological  Information 

The  Safety  Board  collected  and  examined  weather-related  information  from 
numerous  sources,  including  the  FAA,  National  Weather  Service  (NWS),  Comair,  Embraer, 
witnesses,  and  pilots  who  were  operating  near  the  accident  site  about  the  time  of  the  accident. 
The  Safety  Board  also  reviewed  WSR-88D  Doppler  weather  radar  data  from  three  sites  (White 
Lake,  Michigan;  Wilmington,  Ohio;  and  Cleveland,  Ohio)  and  multispectral  digital  data  from  the 
geostationary  operational  environmental  satellite  (GOES)  9.  The  Safety  Board  also  sought 
additional  expert  assistance  from  scientists  of  several  organizations,  including  the  National 
Center  for  Atmospheric  Research  (NCAR),  NASA,  and  the  University  of  Illinois  at 
Urbana/Champaign  (UIUC). 


1.7.1  Weather  Synopsis 

Examination  of  the  NWS  1300  surface  analysis  chart  revealed  a  low-pressure 
center  in  east-central  Indiana,  with  a  surface  trough  extending  to  the  northeast  of  the  low- 
pressure  center.  The  NWS  1600  surface  analysis  chart  showed  the  low-pressure  area  centered 
over  northern  Ohio,  just  southwest  of  the  Detroit  area,  with  a  surface  trough  extending  to  the 
northeast.  The  low-pressure  area  was  moving  toward  the  northeast. 

Surface  weather  observations  indicated  overcast  skies  throughout  Ohio  and 
southern  Michigan,  with  snow  reported  to  the  north  and  west  of  the  low-pressure  area.  Weather 
observations  taken  at  airports  in  Detroit,  Michigan  (19  nm  northeast  of  the  accident  site),  Ann 
Arbor,  Michigan  (17  nm  northwest  of  the  accident  site),  and  Toledo,  Ohio  (25  nm  southwest  of 
the  accident  site)  reported  light  snow  and  mist  around  the  time  of  the  accident.  (See  section  1.7.2 
for  these  and  other  surface  weather  observations.) 


1.7.2  Weather  Advisories  and  Observations 

Several  airmen  meteorological  information  advisories  (AIRMETs)^®  and 
significant  meteorological  information  advisories  (SIGMETs)^*  for  icing  and/or  turbulence  were 
issued  on  the  afternoon  of  the  accident.  Of  those  AIRMETs  and  SIGMETs,  four  AIRMETs  and 
one  SIGMET  were  applicable  to  Comair  flight  3272  and  are  described  in  section  1.7.3.  There 
were  numerous  pilot  reports  (PIREPs)  of  icing  conditions  encountered  in  Ohio  and  southeastern 
Michigan  on  the  afternoon  of  the  accident,  and  many  witnesses  on  the  ground  reported 
precipitation  in  the  form  of  snow  in  the  Detroit  area.  These  PIREPs  and  witness  statements  are 
addressed  in  section  1.7.4. 


According  to  the  Weather  Service  Operations  Manual,  an  AIRMET  advises  of  weather,  other 
than  convective  activity,  that  might  be  hazardous  to  single-engine  and  other  light  aircraft  and  pilots  operating  under 
visual  flight  rules  (VFR).  However,  operators  of  large  aircraft  might  also  be  concerned  with  these  phenomena. 

According  to  the  Weather  Service  Operations  Manual,  a  SIGMET  advises  of  weather,  other  than 
convective  activity,  potentially  hazardous  to  all  aircraft. 
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Additionally,  the  meteorologist  at  the  Cleveland  ARTCC  Weather  Service  Unit 
issued  an  Urgent  Center  Weather  Advisory  (CWA),^^  valid  for  an  area  that  included  northern 
Ohio  and  eastern  Michigan  (including  the  location  of  the  accident)  betvi^een  1235  and  1435, 
which  predicted  occasional  “moderate-severe  rime/mixed/clear  icing  in  cloud  and  in  precipitation 
at  or  below  16,000  feet.  Severe  rime/mixed  icing  in  cloud  and  in  precipitation  reported  [in  the] 
vicinity  [of  DTW]  and  40  nm  southwest  of  [Cleveland]  at  12,000  to  14,000  feet.”  This  CWA  did 
not  apply  to  Comair  flight  3272  because  it  was  only  valid  until  1435,  which  was  about  16 
minutes  before  the  accident  airplane  pushed  back  from  the  gate  at  CVG.  A  meteorologist  at  the 
Indianapolis  ARTCC  Weather  Service  Unit  also  issued  a  CWA,  valid  for  an  area  that  included 
west-central  through  southwestern  Ohio  between  1545  and  1745,  which  predicted  “Frequent 
occasional  severe  ice  in  clouds/precipitation  3,000  feet  to  10,000  feet.”  This  CWA  did  not  apply 
to  Comair  flight  3272  because  by  the  time  it  became  valid  (1545),  the  accident  airplane  was 
established  in  its  descent  to  the  Detroit  area  and  was  no  longer  operating  in  the  area  of  CWA 
coverage  (west-central  through  southwestern  Ohio). 

The  DTW  ATIS  information  broadcast  during  the  30  minutes  before  the  accident 
stated,  in  part,  the  following: 

Detroit  Metropolitan  Airport  Information  Hotel.  [1526  local]  special 
[observation].  Wind  [out  of]  070°  at  6  [knots],  visibility  one  [mile],  light 
snow.  Six  hundred  [feet]  scattered,  1,400  [feet]  broken,  2,100  [feet  ]  overcast 
[cloud  layers].  Temperature,  minus  3°  C.  Dew  point,  minus  4°  C.  Altimeter 
[setting]  29.21  [inches  of  mercury  (Hg)].  ILS  approach  in  use,  runway  3 
right.... Notices  to  airmen... braking  action  advisories  in  effect,  local  deice 
procedures  in  effect. 

Detroit  Metropolitan  Airport  Information  Alpha.^^  [1540  local]  special.  Wind 
[out  of]  070°  at  5  [knots],  visibility  one  and  one  half  [miles],  light  snow,  mist. 
[Cloud]  ceiling  600  [feet]  broken,  1,100  [feet]  broken,  2,100  [feet]  overcast. 
Temperature,  minus  3°  C.  Dew  point,  minus  4°  C.  Altimeter  [setting]  29.19 
[inches  Hg].  ILS  approach  in  use,  runway  3  right.... Notices  to 
airmen... braking  action  advisories  in  effect,  local  deice  procedure  in  effect. 

According  to  the  CVR,  the  pilots  obtained  ATIS  information  “hotel”  at  1540; 
then,  at  1546:57,  ATC  advised  traffic  on  their  frequency  that  “information  alpha  is  current”  and 
issued  a  summary  of  the  information  included  in  ATIS  information  alpha. 

Surface  weather  observations  from  facilities  around  the  accident  site  were  as 

follows: 


According  to  the  Weather  Service  Operations  Manual,  a  CWA  is  a  regional  “aviation  weather 
warning  for  conditions  meeting  or  approaching  national  in-flight  advisory  (AIRMET,  SIGMET,  or  convective 
SIGMET)  criteria.” 

According  to  DTW  ATC  personnel,  because  the  Detroit-area  has  many  airports  and  a  high 
density  of  air  traffic,  they  assigned  each  of  the  major  airports  a  portion  of  the  standard  ATIS  designations  to  reduce 
pilot  confusion.  DTW  uses  ATIS  designations  alpha  through  hotel,  instead  of  the  standard  alpha  through  zulu. 
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Monroe,  Michigan  (D92)  [located  6  nm  east-southeast  of  the  accident  site]: 

1541.. . sky  partially  obscured;  700  feet  scattered,  1,300  feet  overcast;  visibility 
1%  miles;  temperature  [-2°  C];  dew  point  [-3°  C];  winds  170°  at  5  knots; 
altimeter  setting  29.20  inches  of  Hg. 

1601.. . 700. feet  scattered,  1,700  feet  broken;  5,000  feet  broken;  visibility  3  V2 
miles;  temperature  [-2°  C];  dew  point  [-3°  C];  winds  180°  at  6  knots;  altimeter 
setting  29.18  inches  of  Hg. 

Detroit,  Michigan  (DTW)  [located  19  nm  north-northeast  of  the  accident 
site]:  1541... [Special]... winds  060°  at  6  knots;  visibility  1  V2  miles;  light 
snow,  mist;  ceiling  600  feet  broken,  1,100  feet  broken,  1,900  feet  overcast; 
temperature  -3°  C;  dew  point  -3°  C;  altimeter  setting  29.19  inches  of  Hg; 
[trace]  of  precipitation  from  1454. 

1554. . .[Routine]. ..Winds  070°  at  5  knots;  visibility  %  mile;  light  snow,  mist; 
ceiling  600  feet  broken,  1,200  feet  broken,  1,700  feet  overcast;  temperature  -2° 

C;  dew  point  -3°  C;  altimeter  setting  29.19  inches  of  Hg.,  ceiling  400  feet 
variable  900  feet;  [trace]  of  precipitation  from  1454. 

1603.. . [Special]... Winds  080°  at  3  knots;  visibility  1  mile;  light  snow,  mist; 

600  feet  scattered,  900  feet  scattered,  ceiling  1,400  feet  overcast;  temperature 
-2°  C;  dew  point  -3°  C;  altimeter  setting  29.18  inches  of  Hg.;  [trace]  of 
precipitation  from  1554. 

Ann  Arbor,  Michigan  (ARB)  [located  about  17  nm  north-northwest  of  the 
accident  site]:  1553... [Routine]... Winds  090°  at  8  knots;  visibility  4  miles; 
light  snow;  mist;  few  clouds  at  600  feet,  ceiling  2,000  feet  overcast;  altimeter 
setting  29.20  inches  of  Hg. 

1621.. . [Special]... Winds  100°  at  8  knots;  visibility  2  V2  miles;  light  snow, 
mist;  ceiling  1,600  feet  broken,  2,100  feet  overcast;  altimeter  setting  29.18 
inches  of  Hg. 

1.7.3  Weather  Information  Provided  to  the  Flightcrew  by  Comair 

The  pilots  of  Comair  flight  3272  received  a  complete  preflight  weather  briefing 
with  their  flight  release  before  they  departed  from  Cincinnati.  The  flight  release  information  was 
gathered  through  an  automated  system,  which  was  developed  to  provide  flight  planning  and 
weather  information  to  flightcrews  operating  the  EMB-120.  According  to  Comair  personnel,  the 
company’s  EMB-120  flight  schedule  is  downloaded  into  the  WXAIR  Dispatching  System 
database^"^  on  a  monthly  basis.  About  90  minutes  before  each  scheduled  departure,  the  release 
for  that  flight  is  queued  into  the  system;  about  60  minutes  before  departure,  the  release  is 


The  WXAIR  Dispatching  System  database  is  produced  by  Jeppesen,  Inc. 
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generated^^  and  becomes  available  for  retrieval  by  the  flightcrew.  If  the  flight  is  scheduled  to 
depart  between  10  minutes  before  the  hour  and  5  minutes  after  the  hour,  the  system  will  not 
generate  the  flight  release  until  5  minutes  after  the  preceding  hour,  to  ensure  that  the  most  current 
weather  is  incorporated  into  the  flight  release. 

The  Safety  Board’s  review  of  the  weather  information  in  the  flight  release 
paperwork  documentation  for  flight  3272  revealed  that  it  included  terminal  forecasts,  surface 
weather  observations  for  the  departure,  en  route,  and  destination  airports,  as  well  as  pertinent 
weather  advisories  and  PIREPs^^  for  the  region.  The  flight  release  paperwork  also  included 
several  AIRMETs  for  icing  and  turbulence  and  a  SIGMET,  which  were  in  effect  at  the  time  of 
the  accident.  The  AIRMETs  and  SIGMET  stated,  in  part,  the  following: 

AIRMET  Zulu  Update  2 

Occasional  moderate  rime/mixed  icing  in  cloud  and  in  precipitation  below  [FL 
250].  Isolated  severe  ice  possible  below  15,000  feet  over  Ohio. 

AIRMET  Zulu  Update  3 

(issued  0945  and  valid  until  1600)... Occasional  light  to  moderate  rime  icing 
in  clouds  below  18,000  feet.  Freezing  level  at  or  near  the  surface. 

AIRMET  Tango  Update  3  (2  AIRMETs:  BOS  and  CHI) 

(BOS,  issued  0945  and  valid  until  1600)... Moderate  turbulence  below  12,000 
feet  due  to  moderate/strong  southerly  low  level  winds.  Isolated  severe 
turbulence  possible  [in]  Eastern  Ohio.  Occasional  moderate  turbulence 
between  12,000  feet  and  [FL  330  in  the]  western  half  of  [the]  area. . . . 

(CHI,  issued  0945  and  valid  until  1600)... Occasional  moderate  turbulence 
between  15,000  feet  and  [FL  350]  associated  with  strong  Jetstream  and  upper 
level  trough.... Occasional  light  to  moderate  turbulence  below  15,000  feet. 
SIGMET  Quebec  4 

(issued  1100  and  valid  until  1500)... Moderate,  occasional  severe  turbulence 
between  13,000  feet  and  [FL  300]  associated  with  strong  Jetstream  and  upper 
level  trough. 


1.7.4  Pilot  Reports  and  Witness  Descriptions  of  Weather  Conditions 

The  Safety  Board’s  review  of  PIREPs  for  the  accident  date  revealed  numerous 
PIREPs  regarding  icing  conditions  encountered  over  southern  Michigan  and  Ohio  the  afternoon 
of  the  accident.  One  of  three  icing  PIREPs  that  was  issued  between  1300  and  1400  was  included 
in  the  flight  release  paperwork  for  flight  3272;  the  other  two  icing  PIREPs  issued  between  1300 
and  1400  were  not  pertinent  to  flight  3272’s  route  of  flight.  The  report  indicated  that  at  1318  the 


According  to  Jeppesen,  Inc.,  the  release  is  generated  based  on  the  following 
conditions/assumptions:  the  flight  planned  route  is  based  on  preferred  routing,  aircraft  performance  is  based  on 
tables  derived  from  the  AFM,  and  average  weights  for  basic  operating  weight,  payload,  and  cargo  are  used  (winter 
and  summer  weights  are  used  accordingly). 

^  Three  PIREPs  were  included  in  the  accident  pilots’  flight  release  paperwork — two  regarded 
moderate  turbulence  and  one  was  icing-related.  (A  PIREP  for  severe  turbulence  near  Dayton,  Ohio,  at  1300  was 
not  included.)  The  icing-related  PIREPs  will  be  discussed  further  in  section  1.7.4. 
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pilot  of  a  Falcon  20  over  Windsor,  Ontario  (about  17  miles  east  of  DTW),  encountered  light-to- 
moderate  rime  icing  during  the  descent  from  14,000  feet  to  4,000  feet  msl.  The  following  icing- 
related  PIREPs  were  reported  in  the  Detroit  area  and  were  received  by  the  FAA  within  about  30 
minutes  of  the  accident: 

•  At  1540,  a  Boeing  757  reported  a  trace  of  ice  encountered  between  3,500  feet 
and  4,500  feet  msl  about  15  nm  northeast  of  Detroit.^^ 

•  At  1610,  a  Douglas  DC-3  reported  moderate  mixed  ice  encountered  at  5,000 
feet  msl,  about  25  nm  southwest  of  DTW. 

To  gather  more  information  about  the  weather  conditions  that  existed  when  the 
accident  occurred,  the  Safety  Board  developed  a  weather/icing  questionnaire,  which  was 
provided  to  a  number  of  pilots  who  were  operating  in  the  Detroit  area  around  the  time  of  the 
accident.  Of  the  11  pilot  responses  received,  8  pilots  reported  encountering  rime  icing 
conditions,  and  1  pilot  reported  rime/mixed  icing  conditions.^*  Six  of  the  responding  pilots 
reported  that  they  encountered  snow  during  the  approach  to  Detroit;  one  pilot  reported 
encountering  sleet,  and  four  pilots  reported  no  precipitation.  In  response  to  a  question  about  the 
intensity  of  icing,^^  one  pilot  reported  trace-to-light,  one  pilot  reported  light,  three  pilots  reported 
light  to  moderate,  two  pilots  reported  moderate,  and  one  pilot  (Northwest  Airlines  [NW]  flight 
272,  a  DC-9)  reported  moderate-to-severe  icing.  When  asked  to  describe  the  rate  of  ice 
accumulation,  one  pilot  reported  14  inch  of  rime  ice  accumulated  in  5  to  8  minutes  (Cactus  50), 
one  pilot  reported  Vi  inch  of  ice  accumulated  in  15  to  20  minutes,  one  pilot  reported  Vi  inch  of  ice 
accumulated  during  the  descent  from  1 1,000  feet  msl  (NW  243,  a  B-727),  and  two  pilots  reported 
V2  inch  of  ice  accumulation  per  minute  (NW  flight  272,  approaching  DTW  from  the  southwest,  2 
minutes  behind  the  accident  airplane,  and  NW  flight  9451,  a  DC- 10  approaching  DTW  from  the 
southeast). 


”  According  to  FAA  Order  71 10.65,  “Air  Traffic  Control,”  general  PIREPs  are  to  be  included  in 
the  ATIS  broadcast  “as  appropriate,”  and  as  “...pertinent  to  operations  in  the  terminal  area.” 

Eight  of  the  responding  pilots  who  indicated  that  they  encountered  icing  conditions  had  not 
submitted  a  PIREP  for  the  conditions  they  observed  on  the  day  of  the  accident.  In  response  to  a  survey  question 
regarding  PIREPs,  two  pilots  stated  that  they  did  not  submit  PIREPs  because  the  conditions  they  encountered  were 
consistent  with  the  forecast  icing  conditions;  one  of  these  pilots  added  that  he  did  not  perceive  them  to  be  a  hazard. 
Another  pilot,  who  stated  that  he  encountered  moderate-to-severe  icing  shortly  after  the  accident,  reported  that  he  did 
not  submit  a  PIREP  because  of  accident-related  congestion  on  the  ATC  frequency.  The  pilots  of  another  airplane 
reported  that  they  were  too  busy  during  the  approach,  landing,  and  taxi  to  submit  a  PIREP .  The  survey  responses 
from  the  other  four  responding  pilots  did  not  state  why  they  did  not  submit  PIREPs. 

According  to  FAA  Order  71 10.  lOL,  “Flight  Services,”  icing  intensity  is  defined  as  follows: 

•  A  “trace”  of  ice  is  when  “ice  becomes  perceptible.  Rate  of  accumulation  slightly  greater  than 
sublimation.  It  is  not  hazardous  even  though  deicing/anti-icing  equipment  is  not  utilized 
unless  encountered  for  an  extended  jieriod  of  time  (over  1  hour).” 

•  “Light”  icing  occurs  when  “the  rate  of  accumulation  may  create  a  problem  if  flight  is 
prolonged  in  this  environment  (over  1  hour).  Occasional  use  of  deicing/anti-icing  equipment 
removes/prevents  accumulation.  It  does  not  present  a  problem  if  deicing/anti-icing  is  used.” 

•  “Moderate”  icing  occurs  when  the  “rate  of  accumulation  is  such  that  even  short  encounters 
become  potentially  hazardous  and  use  of  deicing/anti-icing  equipment  or  diversion  is 
necessary.” 

•  “Severe”  icing  occurs  when  the  “rate  of  accumulation  is  such  that  deicing/anti-icing  equipment 
fails  to  reduce  or  control  the  hazard.  Immediate  diversion  is  necessary.” 
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Because  a  wide  variety  of  conditions  were  reported  by  pilots  operating  in  the 
Detroit  area  (see  figure  7),  the  Safety  Board  tried  to  narrow  the  focus  to  those  airplanes  that  were 
closest  to  the  accident  time  and  location.  Radar  data®°  and  pilot  statements  indicated  that  the 
ground  tracks  of  NW  flight  208,  NW  flight  483,  Cactus  50,  and  NW  flight  272  passed  near  the 
accident  site  within  minutes  of  the  accident  and  reported  the  following  icing  conditions: 

•  NW  flight  208 — about  10  minutes  ahead  of  Comair  flight  3272  on  the 
approach  to  runway  3R  (landed  at  DTW  at  1550),  pilot  reported  light  rime 
icing. 

•  NW  flight  483 — about  5  minutes  ahead  of  Comair  flight  3272  on  the 
approach,  pilots  observed  no  icing. 

•  Cactus  50 — about  1  minute  ahead  of  Comair  flight  3272  on  the  approach, 
pilots  reported  moderate  rime  icing. 

•  NW  flight  272 — about  2  minutes  behind  Comair  flight  3272  on  the  approach, 
pilots  reported  moderate-to-severe  rime  icing. 

The  pilot  of  NW  flight  208  reported  that  he  observed  about  Vz  inch  of  rime  ice 
accumulation  on  the  icing  probe  as  the  airplane  descended  on  the  approach  to  DTW.  The  captain 
of  NW  flight  272  (who  was  flying  along  the  same  flightpath  about  2  minutes  behind  the  accident 
airplane  and  10  minutes  behind  NW  flight  208)  stated  that  the  icing  conditions  they  encountered 
during  the  approach  to  Detroit  were  the  “heaviest  I’ve  seen  this  season... [there  was]  some  splash 
back  [to  side  windows,  which]  does  not  happen  too  often  on  [a]  DC-9,  only  heavy  ice  will  do 
this.”  During  subsequent  interviews,  the  captain  of  NW  flight  272  stated  that  the  cloud  tops  were 
near  7,000  or  8,000  feet  msl  and  that  the  airplane  started  to  accumulate  ice  rapidly  when  the 
airplane  leveled  off  at  4,000  feet  msl.  The  captain  further  noted  that  a  trace  of  icing  was 
encountered  at  5,000  feet.®^  The  first  officer  of  NW  flight  272  also  stated  that  the  most  rapid 
accumulation  occurred  “in  the  vicinity  of  4,000  feet,”  and  indicated  that  “this  encounter  was  as 
bad  as  I  have  ever  seen  it.”  According  to  radar  data,  NW  flight  272  reached  its  assigned  altitude 
of  4,000  feet  msl  at  1558:00. 


National  Track  Analysis  Program  (NTAP)  radar  data  from  Detroit  ARTCC  and  Airport 
Surveillance  Radar  (ASR)  data  from  Detroit  ATCT  were  reviewed. 

In  response  to  a  survey  question  about  the  droplet  size  encountered,  the  captain  of  Cactus  50 
stated,  “small,  I  believe,  clouds,  possibly  freezing  drizzle  or  snow.” 

“  A  review  of  the  ATC  tape  transcripts  and  radar  data  indicated  that  about  IVi  minutes  after  the 
accident,  NW  flight  272  was  descending  through  5,000  feet  on  its  way  to  its  assigned  altitude  of  4,000  feet  msl, 
when  ATC  advised  the  pilots  of  NW  flight  272  “its  gonna  be  quite  a  bit  of  a  delay  for  you... turn  right  heading  two 
five  zero.”  When  the  pilots  of  NW  flight  272  queried  the  controller  about  the  length  of  the  delay,  the  controller 
stated  “I  just  lost  an  airplane,  I  believe.”  Between  1556:40  and  1557:47,  ATC  instructed  the  pilots  of  NW  flight 
272  to  turn  right  to  headings  of  270°  and  360°.  At  1558:03,  the  controller  issued  the  pilots  of  NW  flight  272  a 
frequency  change.  When  the  pilot  of  NW  flight  272  contacted  ATC  on  the  different  frequency,  the  airplane  was 
level  at  4,000  feet  msl;  the  pilots  requested  and  received  a  higher  assigned  altitude  because  of  the  ice  accumulation. 
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Relative  Positions  of  COMAIR  3272 
and  several  other  flights  using  a  similar  approach 
1/9/97,  Monroe,  Ml 
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Figure  7. -Ground  tracks  of  aircraft. 
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Also,  NW  243,  a  B-727,  and  NW  flight  9451,  a  DC-10,  were  operating  south  of 
DTW  about  the  time  of  the  accident  (albeit  arriving  from  the  southeast).  According  to  the  pilot 
of  NW  243,  the  flight  encountered  light-to-  moderate  rime  icing,  at  a  rate  of  accumulation  of  Vi 
inch  in  15  to  20  minutes.^^  The  pilot  of  NW  9451  reported  encountering  “very  heavy  ice  above 
10,000  feet  [msl]  on  approach,  both  windshields  iced  over  with  max  heat.” 

The  Safety  Board  also  interviewed  witnesses  and  emergency  response  personnel 
about  weather  conditions  in  the  Detroit  area  at  the  time  of  the  accident.  Most  witnesses  and  local 
residents  told  investigators  that  low  overcast  skies  and  limited  visibility,  with  snow,  prevailed 
near  the  accident  site  at  the  time  of  the  accident.  However,  one  witness  reported  a  “real 
heavy... wet  snow... freezing  rain.”  Another  witness  reported  that  the  sun  was  “just  trying  to 
break  through  the  clouds.” 


1.7.5  Information  from  Weather  Radar  and  Satellite  Data 

WSR-88D  Doppler  weather  radar  data  from  NWS  facilities  at  White  Lake, 
Michigan;  Wilmington,  Ohio;  and  Cleveland,  Ohio,  indicated  a  widespread  area  of  precipitation 
weather  echoes  located  to  the  north  of  the  Ohio/Michigan  border.  The  data  indicated  that  within 
the  large  area  of  weather  echoes,  the  intensity  of  the  echoes  varied  from  about  0  dBZ  to  peak 
values  of  30  dBZ,®^  with  most  of  the  higher  intensity  echoes  positioned  to  the  north  of  the 
accident  site. 


The  Doppler  weather  radar  data  indicated  weather  echoes  with  a  maximum 
intensity  of  5  to  10  dBZ  and  tops  of  about  7,000  to  8,000  feet  msl  in  the  Cincinnati  area  when 
Comair  flight  3272  departed.  (An  EMB-120  reported  trace-to-light  mixed  icing  at  8,000  feet  msl 
over  CVG  at  1503.)  Weather  radar  data  indicated  that  about  65  nm  north  of  CVG,  weather  echo 
tops  reached  17,000  feet  msl;  when  Comair  flight  3272  passed  this  point,  the  airplane  was  at  FL 
210,  and  the  pilots  of  Comair  flight  3272  reported  that  the  cloud  tops  were  near  19,000  feet  msl. 
Weather  radar  data  indicated  that  during  flight  3272’ s  descent  to  the  Detroit  area,  the  airplane 
first  encountered  weather  echoes  at  11,000  feet  msl.  The  weather  radar  data  showed  that  the 
airplane  was  in  and  out  of  weather  echoes  (with  a  maximum  intensity  of  7.5  dBZ)  as  it  descended 
between  11,000  feet  msl  and  8,200  feet  msl.  Based  on  that  data,  the  accident  airplane  was 
continuously  in  weather  radar  echoes  with  intensities  of  5  dBZ  or  greater  between  8,200  feet  msl 
and  4,100  feet  msl;  the  maximum  weather  echo  intensities  (10.5  dBZ)  encountered  by  the 
accident  airplane  were  observed  between  4,100  feet  msl  and  3,900  feet  msl. 


At  1531,  the  pilots  of  NW  flight  243  reported  encountering  moderate  rime  ice  to  the  DTW  final 
approach  controller;  at  the  time,  the  airplane  was  about  14  nm  south  of  DTW  at  5,500  feet  msl.  This  information 
was  not  incorporated  into  a  formal  PIREP  and,  although  this  pilot  report  was  received  by  ATC  almost  15  minutes 
before  the  accident,  it  was  not  communicated  to  other  pilots  operating  in  the  DTW  area. 

^  The  unit  dBZ  is  a  measure  of  weather  echo  intensity  in  decibels  corrected  for  range.  The  higher 
the  LWC,  the  higher  the  value  of  dBZ. 
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The  Safety  Board  combined  the  NTAP  radar  data  for  airplanes  that  were  flying 
DTW  arrival  routes  similar  to  that  of  Comair  flight  3272^^  with  the  plotted  weather  echo 
intensity  radar  data.  Examination  of  the  combined  radar  information  revealed  that  the  airplanes 
were  operating  in  an  area  of  weak  weather  echoes  along  the  southeastern  edge  of  the  larger 
region  of  weather  echoes.  In  addition,  weather  radar  echo  intensities  as  a  function  of  altitude 
were  plotted  for  the  ground  tracks  of  Comair  flight  3272,  Cactus  50,  NW  flight  272,  and  NW 
flight  483.  Review  of  the  plotted  data  between  7,000  and  4,000  feet  msl  showed  that  the  weather 
radar  echo  intensity  values  that  Comair  flight  3272  encountered  fell  within  an  area  of  possible 
moderate-or-greater  icing  from  about  6,000  feet  to  4,000  feet  msl.  Figure  8  shows  the  combined 
flightpath  and  weather  radar  echo  information. 

Because  icing  research^^  has  shown  that  GOES  9  multispectral  imager  data  can  be 
used  to  sense  possible  aircraft  icing  regions,  the  Safety  Board  reviewed  GOES  9  data  (visible  and 
shortwave  and  longwave  infrared  images)  from  1500,  1530,  and  1600  on  January  9,  1997. 
Examination  of  the  GOES  9  visible  images  indicated  an  extensive  lower  cloud  cover  over  Ohio 
and  southeastern  Michigan  that  was  moving  to  the  northeast.  A  small  area  of  higher  clouds  was 
visible  moving  from  west  central  Ohio  to  the  northeast.  The  GOES  9  infrared  images  indicated 
that  cloud  tops  near  the  accident  site  were  between  9,000  and  1 1,000  feet  msl.  According  to  the 
icing  research,  the  brightness  and  radiative  temperature  values  observed  in  the  images  indicated 
possible  icing  conditions  along  Comair  flight  3272’s  flightpath. 

The  LWC  in  the  area  of  the  accident  was  not  directly  observed;  however, 
estimates  of  the  LWC  ranged  from  less  than  0.01  gram  per  cubic  meter  to  about  1.0  gram  per 
cubic  meter,  depending  on  the  method  used  and/or  the  assumptions  made  for  the  estimate.  Based 
on  the  observed  weather  echo  intensities  and  the  estimated  LWCs,  calculations  indicated  that 
droplet  sizes  of  up  to  400  microns  were  possible,  indicating  that  SLD  icing  conditions  might 
have  existed  in  the  accident  area. 


1.7.6  Information  from  the  National  Center  for  Atmospheric  Research 
Mesoscale  Meteorological  Study 

The  Safety  Board  requested  assistance  from  the  research  meteorologists  at  NCAR 
to  help  determine  whether  Comair  flight  3272  encountered  icing  conditions  during  its  descent  in 
the  Detroit  area  and  to  explain  the  varying  icing  reports  received  from  pilots  operating  in  the  area 
about  the  time  of  the  accident.  NCAR  research  meteorologists  reviewed  the  accident  data  and 
conducted  an  in-depth  (“mesoscale”)  study  of  the  weather  at  the  time  of  the  accident.  They 
concluded  that  the  evidence  for  the  existence  of  icing  conditions  along  the  Comair  flight  3272 
flight  track  was  strong  and  that  there  were  some  indications  suggesting  that  freezing  drizzle-size 
droplets  (40  to  400  microns)  might  have  also  existed,  especially  near  the  cloud  base;  the  research 


Radar  data  for  Comair  flight  3272,  NW  flight  272,  Cactus  50,  NW  flight  483,  and  NW  flight 
208  was  overlaid  on  the  weather  intensity  radar  information. 

“Remote  Sensing  of  Aircraft  Icing  Regions  Using  Multispectral  Imager  Data,”  Gary  P.  Ellrod 
and  James  P.  Nelson;  15*  Conference  on  Weather  Analysis  and  Forecasting.  1996. 
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Doppler  weather  radar  images  from  the  National  Weather  Service  weather  radar  at  White  Lake,  Michigan.  Image  time  is  2055 :05Z.  Ground 
tracks  of  Comair  3272  [red],  Cactus  50  [yellow],  Northwest  272  [blue],  and  Northwest  483  [black]  plotted.  Weather  echo  intensities  [dBZ]  color 
coded  corresponding  to  color  bar  at  bottom  of  images.  Range  rings  every  10  kilometers.  Azimuth  radials  every  10  degrees.  True  north  to  top  of 
the  imase. 


Figure  8.— Flightpath  and  weather  radar  echo  information. 
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meteorologists  further  concluded  that  it  was  unlikely  that  freezing  rain-size  droplets  (greater  than 
400  microns)  were  present. 

The  NCAR  research  meteorologists  reported  that  their  review  of  the  data  indicated 
that  the  average  LWCs  in  the  clouds  near  the  accident  site  varied  from  0.025  to  0.4  grams  per 
cubic  meter  when  averaged  over  a  2,000  meter  cloud  depth.  However,  they  stated  “[i]t  is 
important  to  note  that  higher  and  lower  values  of  LWC  and  corresponding  lower/higher  droplet 
sizes  are  likely  to  have  existed  within  a  portion  of  the  cloud  depth,  since  the  liquid  water  is 
unlikely  to  have  been  evenly  distributed  throughout  the  depth  of  the  cloud.”  According  to  one 
NCAR  research  meteorologist,  within  the  range  of  conditions  present  at  the  time  of  the  accident, 
a  typical  cloud  structure  would  have  higher  LWCs  and  smaller  droplets  present  near  the  cloud 
tops  and  lower  LWCs  and  larger  droplets  present  near  the  cloud  base.  Specifically,  he  stated  that 
the  accident  airplane  might  have  encountered  “LWC  values  on  the  higher  end  of  the  range  (0.5- 
0.8)  around  the  7,000  foot  level,  with  mostly  smaller  droplets  (non-SLD,  more  like  10-30 
microns).  This  matches  well  with  lower  [weather  radar]  reflectivity  values  up  high.  IF  any  SLD 
existed... it  would  have  been  more  likely  to  be  lower  in  the  cloud... be  mixed  with  smaller 
drops. .  .the  larger  drops  in  the  spectmm  of  those  that  may  have  existed  there  would  have  been  in 
the  200-400  micron. .  .range.” 

According  to  the  NCAR  report,  the  variations  in  flightcrew  icing  reports  may  be 
explained  by  close  examination  of  the  airspeeds,  flightpaths,  altitudes,  timing,  and  exposure 
times  of  the  five  airplanes.  A  copy  of  the  NCAR  report  is  included  in  appendix  D.  Additional 
information  regarding  general  icing  conditions  (and  the  effects  thereof)  is  included  in  section 
1.18. 


1.8  Aids  to  Navigation 

There  were  no  known  malfunctions  with  the  aids  to  navigation  involved  in  this 

accident. 

1.9  Communications 

There  were  no  known  difficulties  with  internal  or  external  communications. 

1.10  Airport  Information 

The  accident  occurred  while  the  airplane  was  being  vectored  for  an  instrument 
approach  to  runway  3R  at  DTW^,  in  Detroit,  Michigan.  There  were  no  known  difficulties  with 
the  airport. 
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1.11  Flight  Recorders 


1.11.1  Cockpit  Voice  Recorder 

The  CVR  was  a  Fairchild  model  AlOOA,  SN  61146.  Although  the  CVR  case 
exhibited  impact  and  postaccident  fire/smoke  damage,  the  recording  medium  (magnetic  tape) 
remained  intact.  The  CVR  recording  consisted  of  four  channels  of  audio  information:  the 
cockpit  area  microphone  (CAM),  the  captain’s  position,  the  first  officer’s  position,  and  the 
intercom/public  address  (PA)  system.  The  recording  was  of  excellent  quality enhanced  by  the 
use  of  the  intracockpit  intercom  system.  A  transcript  was  prepared  of  the  entire  31  minute,  4 
second  recording. 


1.11.2  Flight  Data  Recorder 

The  solid  state  FDR  was  a  98-parameter  Loral  Fairchild  model  FIOOO,  SN  997, 
recorder,  which  used  solid-state  flash  memory  technology  (nonvolatile  memory)  as  the  recording 
medium.  Like  the  CVR  case,  the  FDR  case  exhibited  impact  and  postaccident  fire/smoke 
damage;  however,  the  recording  medium  remained  intact.  A  list  of  the  parameters  recorded  by 
the  FDR  is  included  in  appendix  C.  The  FDR  did  not  record — nor  was  it  required  to  record — 
leading  edge  deicing  boot  operation.  Figure  9  is  a  copy  of  excerpts  from  the  FDR  data  plot,  with 
excerpts  from  the  CVR  transcript  overlaid.  The  following  is  a  summary  description  of  the  FDR 
information  recovered  from  the  final  45  seconds  of  the  accident  flight: 

•  At  1553:56,  as  the  airplane  neared  its  assigned  altitude  of  4,000  feet  msl  at  an 
airspeed  of  169  knots,  its  pitch  attitude  began  to  increase  (from  about  1.6° 
nose  down  to  about  3°  nose  up).  The  airplane  was  established  on  a  heading  of 
180°,  with  engine  power  set  near  flight  idle  (engine  torque  values  of  about  15 
percent  and  12  percent  for  the  left  and  right  engines,  respectively).  From  this 
time  until  the  end  of  the  recording,  the  FDR  recorded  vertical  acceleration 
loads  that  were  higher  and  choppier  than  the  vertical  acceleration  values 
recorded  earlier  in  the  flight  during  periods  of  relatively  level  flight  (between 
1553:49  and  1554:10,  the  airplane  averaged  about  1.05  instead  of  1  G). 


The  Safety  Board  uses  the  following  categories  to  classify  the  levels  of  CVR  recording  quality: 
excellent,  good,  fair,  poor,  and  unusable.  Under  the  recently  revised  definitions  of  these  categories,  an  “excellent” 
recording  is  one  in  which  virtually  all  of  the  crew  conversations  can  be  accurately  and  easily  understood.  The 
transcript  that  was  developed  may  indicate  only  one  or  two  words  that  were  unintelligible.  Any  loss  in  the  transcript 
is  usually  attributed  to  simultaneous  cockpit/radio  transmissions  that  obscure  each  other. 

A  G  is  a  unit  of  acceleration  equivalent  to  the  acceleration  caused  by  the  Earth’s  gravity,  used  to 
measure  the  force  on  a  body  undergoing  acceleration  and  expressed  as  multiples  of  the  body’s  weight. 


VERTICAL  ACCEL  (G'S) 
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COMAIR  EMB-120 


Modified:  April  17,  1998  National  Transportation  Safety  Board 


Figure  9.— Excerpts  from  PTDR  data  plot  and  CVR  transcript. 


AIRSPEED  (KNOTS) 
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•  At  1554:04,  the  airplane’s  airspeed  had  decreased  to  164  knots,  the  pitch 
attitude  was  about  3°  nose  up,  with  engine  power  remaining  near  flight  idle, 
and  the  airplane  entered  a  left  bank.  At  1554:05,  the  airplane  was  level  at 
4,000  feet  msl,  at  an  airspeed  of  162  knots,  when  the  heading  data  indicated 
the  start  of  a  left  turn.  At  1554:08,  (at  an  airspeed  of  157.6  knots),  the 
autopilot  mode  changed  from  “Altitude  Pre  Select — Arm”  to  “Altitude — 
Hold”  mode.^^ 

•  During  the  next  2  seconds  (1554:09  and  1554:10),  as  the  airplane’s  airspeed 
decreased  through  155  knots,  the  values  for  CWP  and  roll  attitude  began  to 
move  in  opposite  directions  (the  CWP  moved  toward  the  right,  changing  from 
2.04  left  wing  down  [LWD]  to  0.14  LWD,  while  the  roll  attitude  increased  to 
the  left  from  18.22°  LWD  to  22.01°  LWD).  Simultaneously,  the  pitch  trim 
and  control  column  position  (CCP)  values  moved  in  the  nose-up  direction.  At 
1554:10,  the  vertical  acceleration  values  began  to  increase  further  as  the 
airplane’s  left  bank  increased  beyond  about  20°  of  bank;  the  vertical 
acceleration  values  averaged  about  1.3  G  from  1554:20  until  the  autopilot 
disengaged.  At  1554:12,  the  left  and  right  AOA  vanes  began  to  diverge,  and 
the  lateral  acceleration  values  began  to  increase  to  the  left  from  about  zero. 

•  At  1554:13,  the  airplane’s  airspeed  was  151.5  knots,  and  the  roll  angle  values 
stopped  at  27°  LWD  (the  autopilot  roll  command  limit  in  the  heading  mode) 
for  about  2  seconds.  During  that  2  seconds,  the  CW  position  values  fluctuated 
between  5.1°  and  6.3°  right  wing  down  (RWD).  At  1554:15,  the  roll  angle 
increased  beyond  28°  LWD,  as  the  airspeed  decreased  to  149  knots,  and  the 
heading  values  decreased  past  153°. 

•  At  1554:16,  engine  torque  began  to  increase  (from  flight  idle)  as  the  airspeed 
decreased  to  148  knots;  evidence  of  an  engine  torque  split  (with  the  right 
engine  torque  values  exceeding  the  left  engine  torque  values)  began  at  this 
time  and  continued  until  1554:25,  when  engine  torque  values  on  both  engines 
began  to  decrease  toward  flight  idle. 

•  At  1554:18,  the  pitch  attitude  reached  its  peak  nose-up  value  (about  5°)  and 
began  to  decrease;  however,  the  CCP  and  pitch  trim  position  data  continued  to 
move  in  a  nose-up  direction  (a  trend  started  9  seconds  earlier). 


According  to  the  Embraer/Comair  airplane  operating  manual  (AOM)  the  “altitude  preselect — 
arm”  phase  of  the  altitude  select  mode  will  automatically  transition  to  the  “altitude  preselect — capture”  phase  when 
the  numerical  difference  between  the  airplane  altitude  and  the  preselected  altitude  is  approximately  1/3  of  the 
numerical  vertical  speed  value.  (The  FDR  does  not  record  an  “altitude  preselect — capture”  parameter.)  The 
transition  from  the  “altitude  preselect — capture”  phase  to  the  “altitude  preselect — track”  phase  (or  the  “altitude — 
hold”  mode  in  FDR  nomenclature)  normally  takes  about  30  seconds;  when  the  selected  altitude  is  attained,  the 
system  automatically  engages  the  “altitude — hold”  mode. 


52 


•  At  1554:23,  the  roll  angle  had  increased  to  38°  LWD,  while  the  CWP  and 
rudder  inputs  continued  to  move  in  a  RWD  direction.  At  this  time,  the  engine 
torque  values  increased  suddenly  and  reached  their  peak — 108  percent  (left 
engine)  and  138  percent  (right  engine).^°  The  airplane’s  airspeed  was  147 
knots.  Also  at  this  time,  the  pitch  trim  position  reached  its  maximum  recorded 
value  (resulting  in  a  CCP  of  about  5°  nose  up)  and  remained  there  for  the 
remainder  of  the  flight. 

•  At  1554:23.27,  the  CWP  values  reached  19.5°  RWD,  and  the  “autopilot  fail 
mode”  discrete  (normally  in  the  “not  fail”  mode)  transitioned  to  the  “fail” 
mode.’*  The  airspeed  decreased  to  146  knots,  pitch  attitude  decreased  to  3.3° 
nose  up,  and  the  roll  angle  increased  to  38.04°  LWD. 

•  At  1554:24.2,  the  status  of  the  “autopilot  disconnect”’^  indicated  “normal,” 
and  0.03  seconds  later,  the  status  of  the  “master  warning”  parameter  indicated 
that  a  “warning”  was  issued.’^  At  1554:24.27,  the  CWP  parameter  changed 
from  19.5°  RWD  to  6.3°  LWD,  ending  a  14  second  trend  of  RWD  values. 

•  At  1554:23.8,  the  roll  attitude  began  to  change  rapidly — within  Vi  second,  the 
roll  changed  from  40°  LWD  to  51°  LWD.  The  left  roll  continued,  reaching 
146°  LWD  within  2  seconds.  Also  at  1554:23.8,  the  pitch  attitude  began  to 
decrease  from  3°  nose  up — within  5  seconds  the  pitch  had  decreased  to  50° 
nose  down. 

•  The  next  time  “autopilot  disconnect”  parameter’s  status  was  sampled  (at 
1554:25.12)  the  status  had  changed  to  “disconnected.” 

•  By  1554:25.6,  the  CWP  was  moving  to  the  right,  opposing  the  sudden  left  roll 
of  the  airplane.  During  the  next  15  seconds  or  so  (until  the  FDR  recording 
ended  at  1554:41),  the  CWP  varied  between  about  20°  right  input  and  30°  left 
input,  and  the  airplane  continued  to  descend  with  oscillations  in  roll  attitude 
that  generally  followed  (but  lagged  behind)  the  CWP  movements.  Also  during 
the  last  15  seconds  of  the  flight,  the  FDR  recorded  oscillations  in  pitch  attitude 
between  20°  and  80°  nose-down  pitch  values.  During  this  time,  the  FDR 
recorded  CCP  values  that  remained  fairly  steady  at  414°  to  5°  until  about  5  to  6 
seconds  before  the  FDR  recording  ended,  when  the  CCP  increased  to  about 


The  peak  engine  torque  values  were  present  for  less  than  1  second.  Over  the  next  4  seconds 
(until  1554:26.5),  the  engine  parameters  indicated  a  power  reduction  on  both  engines  to  values  near  flight  idle. 

The  FDR  records  information  in  numerous  autopilot-related  parameters,  including  the  following: 
autopilot  engage  (engaged/not  engaged),  autopilot  disconnect  (disconnected/engaged),  autopilot  fail  mode  (fail/not 
fail),  and  master  warning  (warning/normal).  All  referenced  autopilot-related  parameters  are  sampled  at  approximate 
1-second  intervals. 

The  FDR  parameter  uses  the  term  “disconnect”  to  describe  the  autopilot’s  “disengage”  action. 

According  to  Embraer’s  autopilot  information,  an  autopilot  failure  will  generate  an 
AUTOPILOT  FAIL  light  on  the  master  warning  panel. 
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9.2  degrees  nose  up.  (FDR  data  indicated  that  the  airplane  was  descending 
through  about  1,700  feet  msl  5  to  6  seconds  before  the  recording  ended.) 

The  FDR  data  indicated  that  the  landing  gear  and  wing  flaps  remained  in  the 
retracted  position  throughout  the  upset  event/accident  sequence. 


1.11.2.1  FDR  Anomalies  and  History 

The  Safety  Board  has  been  concerned  about  the  absence  of  PDR  data  critical  to 
accident  investigations  for  many  years  and  has  made  a  number  of  recommendations  intended  to 
(in  part)  increase  the  number  of  parameters  recorded  and  improve  FDR  recording  accuracy 
quality.  Despite  these  recommendations,  FDR  anomalies  continue  to  appear  in  FDR  data  from 
accident/incident  airplanes.  Examination  of  the  accident  airplane’s  FDR  data  revealed  that  the 
following  parameters  displayed  anomalous,  spurious,  or  out  of  calibration  values  at  various  times 
during  the  recording: 


Parameters’'^ 

Remarks 

Elevator  CCP  (left) 

Noisy,  not  consistent  with  roll  and 
heading  values 

CWP  (left) 

Noisy,  not  consistent  with  roll  and 
heading  values 

Pitch  trim  position 

Random  spurious  data  points 

Propeller  imbalance  (left) 

Not  active 

Static  air  temperature 

Noisy 

Heading 

Random  spurious  data  points 

nc 

Rudder  pedal  position 

Random  periods  of  noisy  data;  values 
exhibit  a  bias  of  7°  to  8°  (left),  as 
established  during  simulation. 

The  Safety  Board  has  observed  similar  anomalous  values  for  flight  control 
parameters  on  seven  of  eight  previous  Embraer  EMB-120  accident/incident  investigations  and  on 

nf\ 

one  more  recent  EMB-120  incident.  As  a  result  of  the  anomalous  values  noted  during  the 


Because  the  elevator  CCP  (right)  and  CWP  (right)  parameters  recorded  valid  values,  it  is 
unlikely  that  the  FDR  anomalies  adversely  affected  the  information  contained  in  the  summary  description  of  the  FDR 
data  in  section  1.11.2.  Further,  the  accident  airplane’s  CWP  and  CCP  FDR  data  from  the  seconds  immediately 
before  and  after  the  upset  were  validated  during  the  simulation  process.  (See  section  1.16.1  and  its  subsections  and 
appendix  E  for  descriptions  of  the  simulations.) 

In  the  seconds  before  and  during  the  upset,  the  rudder  pedal  position  parameter  was  steady  and 
clear,  although  the  7®  to  8^  bias  existed. 

See:  National  Transportation  Safety  Board.  1996.  Atlantic  Southeast  Airlines,  Inc.,  Flight  529, 
Embraer  EMB-120RT,  N256AS,  Carrollton,  Georgia,  August  21,  1995,  Aircraft  Accident  Report  NTSB/AAR- 
96/06.  Washington,  DC;  National  Transportation  Safety  Board.  1992.  Atlantic  Southeast  Airlines,  Inc.,  Flight 
2311,  Embraer  EMB-120,  N270AS,  Brunswick,  Georgia,  April  5,  1991.  Aircraft  Accident  Report  NTSB/AAR- 
92/03.  Washington,  DC;  National  Transportation  Safety  Board.  1992.  Britt  Airways,  Inc.,  dba  Continental  Express 
Flight  2574,  EMB-120RT,  N33701,  Eagle  Lake,  Texas,  September  11,  1991.  Aircraft  Accident  Report  NTSB/AAR- 
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investigation  of  these  previous  accidents/incidents,  on  June  27,  1996,  the  Safety  Board  issued 
Safety  Recommendations  A-96-33  and  -34,  which  recommended  the  following  to  the  FAA: 

[C]onduct  a  design  review  of  the  Embraer  EMB-120  FDR  system,  with 
emphasis  on  potentiometer  failures,  and  mandate  design,  installation,  and/or 
maintenance  changes,  as  necessary,  to  ensure  that  reliable  flight  control  data 
are  available  for  accident/incident  investigation.  (A-96-33) 

[R]equire  Embraer  EMB-120  operators  to  perform  a  FDR  readout  or  a 
potentiometer  calibration  test  per  section  31-31-00  of  the  EMB-120 
Maintenance  Manual  every  6  months  until  FDR  sensor  design,  installation, 
and/or  maintenance  improvements  are  incorporated.  (A-96-34) 

In  its  September  5,  1996,  response  letter,  the  FAA  stated  that  Embraer  had 
initiated  a  design  review  focusing  on  the  FDR  potentiometers  and  associated  attaching  hardware 
and  that  the  FAA  would  determine  a  course  of  action  when  the  design  review  was  completed.  In 
addition,  in  its  response  letter,  the  FAA  stated  that  it  would  contact  the  manufacturer  and 
coordinate  the  necessary  maintenance  instructions  with  an  appropriate  inspection  interval. 
Pending  final  action,  on  October  15,  1996,  the  Safety  Board  classified  Safety  Recommendations 
A-96-33  and  -34  “Open-Acceptable  Response.” 

On  December  5,  1997,  the  Safety  Board  received  another  letter  from  the  FAA, 
which  stated  that  Embraer  had  issued  Service  Bulletin  (SB)  120-31-0038,  which  provided 
corrective  action  to  minimize  the  potential  for  a  potentiometer  calibration  error  and  included 
information  regarding  the  proper  installation  and  inspection  of  the  system.  Embraer  also  revised 
its  maintenance  manual  to  implement  a  revised  potentiometer  test  procedure  to  more  readily 
identify  noisy  potentiometers.  The  FAA’s  letter  indicated  that  after  it  finished  reviewing  the 
EMB-120  service  information  that  resulted  from  the  SB  with  the  CTA,  the  FAA  planned  to  issue 
an  AD  to  require  corrective  action.  On  May  5,  1998,  the  Safety  Board  classified  Safety 
Recommendation  A-96-33,  “Open — Acceptable  Response,”  pending  receipt  and  review  of  the 
AD. 


The  FAA’s  December  5,  1997,  letter  further  stated  that  the  FAA  issued  Flight 
Standards  Handbook  Bulletin  for  Airworthiness  (HBAW)  97-14  on  September  16,  1997,  which 
established  new  FDR  inspection/potentiometer  calibration  requirements  for  operators  of  EMB- 
120  airplanes.  The  HBAW  stated  that  principal  avionics  inspectors  (PAIs)  should: 

[Rjequire  their  affected  operators  to  perform  an  initial  and  subsequent 
recurring  potentiometer  calibration  test  every  six  (6)  months.... An  initial 
inspection  of  the  affected  operator’s  total  fleet  should  be  accomplished  within 
sixty  (60)  days  after  notification  of  this  inspection  requirement.  Subsequent 


92/04.  Washington,  DC;  and  National  Transportation  Safety  Board.  1994.  Continental  Express,  Inc.,  Embraer 
EMB-I20RT,  N24706,  Pine  Bluff,  Arkansas,  April  29,  1993.  Aircraft  Accident  Report  NTSB/AAR-94/02. 
Washington,  DC.  Also,  see  the  following  NTSB  aircraft  incident  reports:  FTW90IA169,  DEN92IA074,  and 
ATL96IA053.  Section  1.18  and  its  subsections  contain  information  regarding  EMB-120  upset  events. 
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repetitive  inspections  must  be  accomplished  every  six  months  until  the  FDR 
sensor  design,  and  installation  has  been  enhanced  to  improve  data  reliability. 

The  inspection  interval,  thereafter,  may  be  adjusted  as  the  reliability  data 
allows. 

As  a  result  of  the  inspection  requirements  addressed  in  HBAW  97-14,  on  May  5, 
1998,  Safety  Recommendation  A-96-34  was  classified  “Closed — Acceptable  Action.”  However, 
the  Board’s  examination  of  the  FDR  data  from  an  EMB-120  uncommanded  roll  incident  that 
occurred  on  March  5,  1998,^’  revealed  that  the  rudder  pedal  and  control  wheel  position  sensors 
recorded  anomalous  information.  The  incident  airplane’s  maintenance  records  indicated  that  its 
FDR  system  had  been  inspected  in  December  1997,  with  no  discrepancies  noted.  The  inspection 
was  conducted  in  compliance  with  HBAW  97-14  and  involved  a  potentiometer  calibration,  as 
defined  by  the  EMB-120  maintenance  manual.  The  potentiometer  calibration  test  was  conducted 
with  the  airplane  parked  on  the  ground  and  required  observation  of  the  values  generated  by  the 
control  column,  control  wheel,  and  rudder  pedals  positioned  in  three  distinct  positions:  neutral, 
full  left,  and  full  right  for  the  rudder  pedal  and  control  wheel.  No  FDR  readout  (which  would 
have  revealed  the  recording  history  of  the  various  parameters)  was  accomplished  in  conjunction 
with  the  potentiometer  calibration/inspection,  nor  was  such  a  readout  required. 

In  its  report  regarding  the  August  7,  1997,  accident  involving  a  Fine  Airlines,  Inc., 
Douglas  DC-8-61  at  Miami,  Florida,^*  the  Safety  Board  again  referenced  FDR  recording  and 
inspection  problems.  The  Board’s  analysis  stated  the  following,  in  part: 

Although  an  FDR’s  primary  function  is  to  provide  detailed  flight  information 
following  an  accident  or  incident,  this  detailed  flight  information  is  useful 
even  in  the  absence  of  an  accident  or  incident.  The  Safety  Board  notes  that 
the... quick  access  capabilities  of  modem  solid-state  FDRs  offer  operators  the 
opportunity  to  develop  and  implement  a  flight  operations  quality  assurance 
(FOQA)  program.  Analysis  of  downloaded  FOQA  data  enables  operators  to 
enhance  crew  and  aircraft  performance;  develop  tailored  training  and  safety 
programs  and  increase  operating  efficiency.  FOQA  programs  can  also  be  used 
to  refine  air  traffic  control  procedures  and  airport  configurations  and  to 
improve  aircraft  designs.... the  potential  safety  and  operational  benefits... are 
significant. 

Because  frequent  FDR  data  downloads  and  data  analysis  are  components  of  a 
viable  FOQA  program,  the  requirement  for  periodic  readouts  to  validate  the 
quality  of  the  mandatory  FDR  parameters  would  likely  be  met  if  the  operator 
corrected  recording  problems  discovered  in  the  readout.  The  need  to 
download  and  analyze  FDR  [data]  would  also  require  operators  to  maintain 
sufficient  FDR  system  documentation  to  meet  the  Safety  Board’s  needs  in  the 
event  of  an  accident  or  incident. 


See  section  1.18.3  for  additional  information  regarding  this  uncommanded  roll  incident. 

See  National  Transportation  Safety  Board.  1998.  Fine  Airlines,  Inc.  Flight  101,  Douglas  DC-8- 
61,  N27UA,  Miami,  Florida,  August  7,  1997.  Aircraft  Accident  Report  NTSB/ AAR-98/02.  Washington,  DC. 
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1.12  Wreckage  and  Impact  Information 

The  airplane  struck  the  ground  in  a  nose-down  attitude  at  a  high  rate  of  speed  and 
came  to  rest,  oriented  on  a  southwesterly  heading,  in  a  field  adjacent  to  a  church  campground. 
The  accident  site  was  approximately  19  miles  southwest  of  the  destination  airport. 

Fragmented  airplane  wreckage  was  found  in  and  around  three  impact  craters,  with 
airplane  debris  located  up  to  340  feet  from  the  largest  (center)  impact  crater.  The  largest  impact 
crater  was  about  15  feet  7  inches  wide,  25  feet  long,  and  4  feet  deep  at  its  deepest  point  and 
contained  most  of  the  fuselage  wreckage  and  human  remains.  The  two  smaller  impact  craters 
were  located  on  both  sides  of  the  larger  (main)  impact  crater  and  contained  the  right  and  left 
engines  and  their  respective  components.  The  right  and  left  propeller  assemblies  were  located  in 
the  southwest  ends  of  their  respective  craters  imbedded  in  dirt. 

The  cockpit  was  located  at  the  south-southwest  edge  of  the  main  crater  aligned  on 
a  heading  of  about  245°.  The  fuselage  was  fragmented  by  impact  forces  and  further  damaged  by 
postimpact  fire;  various-sized  portions  of  fuselage  were  scattered  throughout  the  debris  area. 
The  vertical  stabilizer,  with  a  large  portion  of  the  horizontal  stabilizer  attached,  was  located 
between  the  center  and  the  southern  edge  of  the  main  crater  on  top  of  other  remains  and  debris. 
The  vertical  and  horizontal  stabilizers  exhibited  fore-to-aft  and  down-and-aft  crush  damage, 
respectively.  The  top  rudder  and  the  top  portion  of  the  lower  rudder  remained  attached  to  the 
vertical  stabilizer,  and  the  left  elevator  and  the  inboard  portion  of  the  right  elevator  remained 
attached  to  the  horizontal  stabilizer. 

Both  wings  were  separated  from  the  main  wreckage  and  fragmented;  however, 
most  of  the  wing  debris  was  located  near  the  three  craters.  The  landing  gear  were  found  in  the 
retracted  position.  Both  main  landing  gear  separated  from  their  respective  wing  structures 
(although  the  right  main  landing  gear  was  located  beneath  portions  of  the  right  wing)  and 
exhibited  fire  damage.  The  nose  landing  gear  was  located  beneath  the  airplane  wreckage  in  the 
main  crater.  The  inboard  and  outboard  flap  actuators  on  both  wings  and  the  left  nacelle  wing 
flap  actuators  were  in  the  retracted  position;  the  right  nacelle  wing  flap  actuator  was  not  in  the 
retracted  position;  however.  Safety  Board  investigators  noted  soot  markings  indicating  that  when 
the  documentation  took  place,  the  actuator  was  not  in  its  preimpact  position.  The  wing  flap 
selector  in  the  cockpit  was  found  in  the  flaps  0°  position. 


1.12.1  Engines  and  Propellers 

On-scene  examination  of  the  engines  revealed  that  although  both  engines  were 
sooted  on  their  exterior  surfaces,  there  was  no  indication  of  in-flight  fire,  case  rupture, 
uncontained  failure,  or  other  preimpact  distress  or  damage  to  either  engine. 

Subsequent  examination  and  disassembly  revealed  that  both  engines  sustained 
damage  that  shattered  and/or  separated  the  front  and  rear  inlet  case  housings,  the  reduction  gear 
boxes,  accessory  gear  boxes,  and  their  respective  components.  The  low  pressure  compressor 
(LPC)  vane  tips  were  rubbed,  gouged,  and  bent  in  a  direction  opposite  to  normal  engine 
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rotation,  and  the  LPC  impeller  shroud  exhibited  circumferential  rub  marks  consistent  with 
impeller  vane  tip  contact.  Examination  of  the  remaining  internal  components  of  both  engines 
revealed  additional  evidence  of  smearing,  rubbing,  and  blade  bending  in  a  direction  opposite  to 
their  normal  operation;  the  damage  was  consistent  with  engine  rotation  at  impact.  There  was  no 
physical  evidence  of  preimpact  anomaly  or  mechanical  malfunction  of  either  engine. 

Examination  of  both  propeller  assemblies  and  their  respective  propeller  blades 
revealed  extensive  impact  damage;  however,  there  was  no  evidence  of  preexisting  anomaly.  The 
left  propeller  assembly,  with  all  four  propeller  blades,  was  located  in  the  small  crater  to  the  south 
side  of  the  main  crater.  Three  of  the  four  propeller  blades  were  intact  (full-length);  however,  the 
fourth  blade  had  a  28-inch-long,  6-inch-wide  section  of  the  blade  tip  missing  (the  missing  section 
was  discovered  about  75  feet  east  of  the  main  wreckage),  and  three  of  the  four  blades  had 
separated  from  the  propeller  hub.  The  right  propeller  assembly  and  its  propeller  blades  were 
located  in  the  small  crater  to  the  north  side  of  the  main  crater.  All  four  propeller  blades  were 
intact  lengthwise;  however,  the  leading  edges  had  separated.  One  of  the  right  propeller  blades 
had  separated  from  the  propeller  hub. 

Disassembly  of  the  propeller  assemblies  and  blades  did  not  reveal  evidence  of 
preimpact  damage  or  malfunction.  All  eight  propeller  blade  spars  were  bent  (at  varying  degrees) 
in  a  direction  opposite  to  normal  propeller  rotation.  Measurements  taken  during  the  disassembly 
indicated  that  the  right  and  left  propeller  blade  pitch  angles  at  impact  were  consistent  and 
averaged  about  40°.^^ 


1.12.2  Deicing/Anti-icing  Equipment 

Leadin2  Edge  Deice  System 

Investigators  recovered  the  following  leading  edge  deicing  boot  segments  from 
the  wreckage  and  examined  them  in  an  attempt  to  determine  whether  they  were  operating  (or 
capable  of  normal  operation)  at  the  time  of  the  accident:  the  middle  and  outboard  segments  from 
both  wings,  the  right  horizontal  stabilizer  segments,  and  the  vertical  stabilizer  segment. 
(Investigators  were  not  able  to  identify  the  leading  edge  deicing  boot  segments  from  the  inboard 
wing  sections  and  the  left  horizontal  stabilizer.)  The  identified  leading  edge  deicing  boot 
segments  exhibited  varying  amounts  of  impact  and  heat  damage;  however,  in  general,  the  right 
wing  middle  and  outboard  leading  edge  deicing  boot  segments  were  more  fragmented  and 
exhibited  more  indications  of  heat  damage  than  the  left  wing  leading  edge  deicing  boots. 
Examination  of  the  deicing  boot  segments  revealed  no  evidence  of  preimpact  damage  or  anomaly 
that  would  have  precluded  normal  operation  of  these  deicing  boots. 

Postaccident  examination  revealed  that  the  leading  edge  deicing  boot  segments 
installed  on  the  middle  and  outboard  sections  of  the  left  wing  and  the  vertical  and  horizontal 
stabilizers  did  not  have  the  conductive  edge  sealer  on  the  seam/gap  where  the  aft  edge  of  the 


According  to  Hamilton  Standard  specifications,  the  14RF-9  propeller  blade  angle  operational 
range  extends  from  -17.28°  (reverse  position)  to  79.2°  (full  feather  position). 
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deicing  boot  fits  into  the  recessed  area  of  the  leading  edge  surface.  The  outboard  segment  of  the 
right  wing  leading  edge  deicing  boots  appeared  to  have  conductive  edge  sealer  covering  that 
seam/gap,  while  the  middle  segment  of  the  right  wing  leading  edge  deicing  boot  did  not  have  the 
conductive  edge  sealer.  Further  examination  of  the  left  wing  leading  edge  deicing  boots 
revealed  that  filler  compound  and  fiberglass  material  were  visible  at  this  seam/gap  on  the  upper 
surface  of  the  middle  and  outboard  deicing  boot  segments.  Safety  Board  investigators  reported 
that  there  was  no  ridge  or  gap  between  the  two  materials  and  no  roughness;  they  stated  that  the 
unpainted,  unsealed  area  was  as  smooth  to  the  touch  as  the  painted  wing  skin  surfaces  or  the 

deicing  boot  surfaces.  Additionally,  there  was  no  evidence  of  delamination  or  erosion  of  the 

^  *81 
wing  composite  materials. 

Safety  Board  staff  consulted  NASA  Lewis  Research  Center  (NASA-Lewis) 
experts  regarding  the  significance  of  the  missing  conductive  edge  sealer  to  this  accident.  The 
experts  stated  that  (based  partially  on  NASA’s  icing  research  tunnel  [IRT]  tests)  there  was  little 
potential  for  the  lack  of  conductive  edge  sealer  to  be  a  preferred  ice  accumulation  location 
because  of  its  location  (on  the  upper  wing  surface  at  the  aft  edge  of  the  leading  edge  deicing 
boot)  and  because  the  area  was  as  smooth  as  surrounding  deicing  boot  and  painted  wing  surfaces. 
(For  additional  information  regarding  the  significance  of  the  missing  conductive  edge  sealer,  see 
section  2.4.1.  The  IRT  tests  are  discussed  in  detail  in  section  1.16.2.1.) 

The  leading  edge  deicing  timers  were  recovered  from  the  wreckage,  but  crush 
damage  precluded  any  functional  tests  of  those  components.  According  to  the  manufacturer,  the 
deicing  timers  do  not  contain  nonvolatile  memory  that  would  indicate  if  a  timer  was  operating  at 
the  time  of  impact.  The  following  additional  leading  edge  deicing  system  components  were 
identified  in  the  wreckage:  two  horizontal  stabilizer  pressure  switches,  two  wing  pressure 
switches,  the  vertical  tail  switch,  one  pressure  regulator,  and  one  pressure  relief  valve. 
Examination  of  these  components  did  not  reveal  whether  the  leading  edge  deicing  system  was 
operating  at  the  time  of  the  accident. 

Propeller  Deice  System 

The  propeller  deicing  equipment  was  also  recovered  and  examined  in  an  attempt 
to  determine  its  operational  status  at  the  time  of  the  accident.  The  deicing  elements  on  the  four 
left-side  propeller  blades  were  tom  and  detached  in  places,  leaving  various-sized  pieces  of 
deicing  boots,  broken  wires,  and  various  connectors  attached  for  examination.  Damage 
precluded  confirmation  of  continuity  on  the  wiring  and  connectors  of  all  but  one  propeller  blade 
deicing  element.  A  segment  of  the  left  propeller  assembly  bulkhead  was  missing,  and  the  inner 
and  outer  slip  rings  were  broken;  however,  the  center  slip  ring  was  intact.  Examination  of  the 


“  On  December  24,  1996,  maintenance  personnel  noted  several  holes  in  the  outboard  leading  edge 
deicing  boot  on  the  right  wing;  that  deicing  boot  segment  was  removed  and  replaced,  and  the  airplane  was  returned 
to  service  that  day. 

During  postaccident  interviews,  Comair  maintenance  personnel  described  the  leading  edge 
deicing  boot  installation  procedure  to  investigators;  their  description  matched  the  procedures  outlined  in  the  EMB- 
120  maintenance  manual.  Additionally,  the  Safety  Board  examined  the  deicing  boot  installations  on  several  Comair 
EMB-120s;  all  the  airplanes  that  were  examined  had  the  conductive  edge  sealer  applied  in  accordance  with  the 
guidance  contained  in  the  maintenance  manual. 
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slip  ring  surfaces  revealed  no  evidence  of  arcing,  pitting,  or  unusual  wear.  Damage  precluded 
confirmation  of  continuity  from  the  bulkhead  leads  to  the  propeller  blades  on  two  of  the  four 
propeller  blades. 

The  deicing  elements  on  the  four  right-side  propeller  blades  were  not  attached  to 
the  blades — they  remained  attached  to  the  leading  edges,  which  had  separated.  However,  the 
connectors  were  still  attached  to  the  four  propeller  blades;  a  continuity  check  of  the  leads 
confirmed  continuity  on  both  leads  for  three  of  the  four  blades.  On  the  fourth  propeller  blade, 
one  lead  was  found  to  have  continuity,  but  continuity  could  not  be  checked  on  the  other  lead 
because  the  broken  end  of  the  wire  could  not  be  located  in  the  deicing  boot.  The  right  propeller 
assembly  bulkhead  and  the  three  slip  rings  were  intact,  although  the  bulkhead  exhibited  sooting 
and  heat  damage  on  the  forward  face.  The  three  slip  rings  exhibited  no  evidence  of  arcing, 
pitting,  or  unusual  wear.  A  continuity  check  of  the  bulkhead  leads  to  the  four  propellers 
confirmed  continuity  on  each  lead. 

1.13  Medical  and  Pathological  Information 

Toxicological  samples  were  obtained  from  the  captain  and  first  officer  and  were 
sent  to  the  FAA’s  Civil  Aeromedical  Institute  (CAMI)  for  examination.  Toxicological  test 
results  from  the  captain’s  muscle  tissue  were  negative  for  drugs  of  abuse,  prescription  and  over- 
the-counter  medications.  However,  the  toxicological  report  for  the  captain  stated  the  following, 
in  part,  under  the  heading  “volatiles:” 

.  17.000  (mg/dL,  mg/hg)  [0.017  percent  weight/volume]  Ethanol  detected  in 

Blood 

.  NO  Ethanol  detected  in  Heart 

NOTE:  The  ethanol  found  in  this  case  is  most  likely  from  postmortem  ethanol 

production. 

The  toxicological  test  results  from  the  first  officer’s  muscle  tissue  were  negative 
for  drugs  of  abuse,  and  prescription  and  over-the-counter  medications.  The  toxicological  report 
for  the  first  officer  stated  the  following,  in  part,  under  the  heading  “volatiles:” 

NO  Ethanol  detected  in  Kidney 
NO  Ethanol  detected  in  Muscle 

No  suitable  (testable)  blood  samples  were  obtained  from  the  first  officer. 

1.14  Fire 

The  postaccident  fire  consumed  the  portions  of  the  airplane  wreckage  in  which 
fuel  was  present  and  melted  portions  of  the  wreckage,  particularly  in  and  around  the  main  crater. 
There  was  no  indication  that  any  fire  existed  before  the  airplane  impacted  the  ground. 
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1.15  Survival  Aspects 

The  accident  was  not  survivable  because  the  impact  forces  exceeded  human 
tolerances  and  aircraft  design  strength;  no  occupiable  space  remained  intact. 

1.16  Tests  and  Research 


1.16.1  EMB-120  Performance  and  Simulator  Studies 

Under  the  Safety  Board’s  direction,  in  February  1997,  Embraer  performed  several 
EMB-120  performance  and  simulator  studies  at  its  facilities  in  Sao  Jose  dos  Campos,  Brazil,  to 
identify  the  following:  the  aerodynamic  differences  between  the  accident  airplane’s  performance 
during  the  minutes  before  the  autopilot  disengaged  (as  recorded  by  the  FDR)  and  the 
performance  of  Embraer’ s  EMB-120  engineering  simulator  flying  the  accident  airplane  s  control 
inputs  and  tailoring  the  aerodynamic  database  to  match  the  recorded  headings,  altitudes, 
airspeeds,  times,  and  rates  of  climb/descent/bank;  the  effects  of  the  timing  and  asymmetrical 
nature  of  the  power  increase  at  the  beginning  of  the  upset  event;  and  the  aileron  behavior/elevator 
efficiency  before  the  autopilot  disengaged  and  during  the  initial  stages  of  the  upset  event.  The 
EMB-120  simulator  is  a  six  degree  of  freedom  simulation  computer  program^^  that  uses 
Embraer’s  EMB-120  Aerodynamic  Data  Bank  Version  3C  as  the  source  of  aerodynamically 
clean  (uncontaminated)  aircraft  flight  dynamic  data.  The  simulator  studies  were  conducted  in 
Embraer’s  EMB-120  engineering  and  flight  training  simulators. 

Simulations  were  performed  in  an  attempt  to  identify  and  quantify  the  adjustments 
required  for  the  EMB-120  engineering  simulator’s  performance  (which  was  representative  of  the 
EMB-120  without  ice  contamination)  to  match  the  accident  airplane’s  performance  (according  to 
FDR  data)  for  the  seconds  before  the  autopilot  disengaged  (from  1553:53  to  1554:24.7).  In  the 
first  simulation,  no  aerodynamic  modifications  (representing  aerodynamic  degradation  from 
assumed  icing  conditions)  were  introduced  to  the  engineering  data  bank;  thus,  the  simulator  was 
free  to  respond  to  the  accident  airplane’s  FDR  control  inputs  (aileron  position  =  18°  right, 
elevator  position  =11°  nose  up,  rudder  position  =  4°  right)  as  an  uncontaminated  airframe  would. 
The  resultant  simulator  data  differed  from  the  accident  airplane’s  FDR  data  in  that  the  simulation 
pitched  up,  climbed,  and  rolled  to  the  right  during  the  final  seconds  before  the  autopilot 
disengaged,  whereas  the  accident  airplane  data  indicated  a  pitch  down,  descent,  and  left  bank. 
To  assess  the  validity  of  the  engineering  data  bank  simulation  results,  investigators  retrieved  data 
from  the  accident  airplane’s  FDR  from  a  steady  condition  earlier  in  the  accident  flight  (1549:55 


Embraer’s  EMB-120  engineering  simulator  differs  from  flight  training  simulators  in  that  it  is  a 
number  proeessor — its  input  is  data  (in  the  form  of  files  of  numbers)  and  its  output  is  data  (in  the  form  of  numbers 
and/or  graphs).  The  EMB-120  engineering  simulator  has  no  flight  control,  motion,  or  visual  capacity. 

Although  the  FDR  data  continues  until  the  FDR  recording  ended  at  1554:40,  the  last  12  seconds 
of  simulation  data  were  not  considered  during  these  simulations.  According  to  Embraer’s  engineers,  the  flight 
simulation  is  valid  only  up  to  the  AOA  at  which  the  stick  pusher  is  activated  (12.5°);  therefore,  the  simulation  was 
only  valid  for  about  4  seconds  after  the  autopilot  disengaged  because  “the  angular  rates  become  very  high  and  some 
asymmetric  flow  separation  could  occur;’’  these  highly  dynamic  maneuvers  are  not  adequately  represented  in  the 
aerodynamic  data  banks. 
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to  1550:45).  Again,  the  simulation  was  performed  with  no  aerodynamic  modifications 
introduced;  with  the  data  from  the  earlier  time  period,  the  resultant  simulator  data  closely 
matched  the  values  recorded  by  the  accident  FDR  at  that  time. 

To  more  closely  reproduce  the  FDR  data,  investigators  modified  some  of  the 
simulator  data  bank  aerodynamic  coefficients,  based  on  “steady  state”  FDR  values  (roll  angle, 
CWP,  CCP,  altitude,  pitch  angle,  rudder  pedal  position,  and  vertical  acceleration)  and  other 
calculated  conditions  (weight  and  CG)  that  were  present  about  1554:23,  just  before  the  autopilot 
disengaged  and  the  upset  event  occurred.  The  following  modifications  were  introduced  to  obtain 
a  simulation  that  closely  matched  the  FDR  data:  lift  degradation,  increase  in  drag,  left  rolling 
moment,  change  in  pitch  moment,  and  left  yawing  moment. 

For  comparison  purposes,  the  lift  degradation  observed  in  the  accident  airplane’s 
FDR  data  was  compared  to  the  lift  decrement  obtained  during  developmental  wind  tunnel  tests 
with  60-minute-holding  ice  shapes  on  all  protected  surfaces  of  a  model  EMB-120  airplane.^"^ 
Data  obtained  in  the  wind  tunnel  were  extrapolated  to  obtain  valid  values  for  a  full-scale  EMB- 
120  airplane;  the  total  lift  degradation  observed  on  the  accident  airplane  was  about  33  percent  of 
the  45-minute-holding  ice  shape  degradation.  However,  to  obtain  the  left  rolling  moment 
observed  in  the  accident  airplane’s  performance,  investigators  had  to  assume  a  difference  in  lift 
degradation  between  the  left  and  right  wings.  When  the  lift  degradation  was  applied 
asymmetrically  based  on  one  set  of  calculations,  the  degradation  on  the  left  wing  lift  was  about 
45  percent,  and  the  degradation  on  the  right  wing  lift  was  about  22  percent  (resulting  in  a  total 
airplane  degradation  of  33  percent).  (Details  of  the  calculations  are  ineluded  in  appendix  E.) 
This  asymmetrical  lift  degradation  would  result  in  a  left  roll  rate  of  about  12°  per  second  without 
any  aileron  input. 

During  early  postaccident  simulations,  Embraer  engineers  were  not  able  to 
reproduce  the  FDR  pitch  angle  and  AOA  data  using  the  elevator  values  recorded  by  the  FDR. 
(The  simulations  resulted  in  data  indicating  higher  pitch  angle  and  AOA  values  than  indicated  by 
the  FDR.)  Therefore,  an  assumed  elevator  deflection  was  gradually  introduced  into  the 
simulation  data  to  produce  a  simulation  that  matched  the  pitch  angle  and  AOA  recorded  by  the 
FDR  in  the  seconds  immediately  before  and  after  the  autopilot  disengaged.  To  match  the  FDR 
elevator  position,  it  was  necessary  to  introduce  a  loss  of  elevator  and  elevator  trim  tab  efficiency 
(simulating  aerodynamic  degradation  caused  by  ice  contamination)  in  the  EMB-120  aerodynamic 
data  bank.  The  reductions  in  elevator  and  elevator  trim  tab  efficiency  were  assumed  to  vary 
linearly  with  the  body  AOA.  For  example,  the  elevator  and  elevator  trim  tab  were  100  percent 
efficient  when  the  airplane’s  AOA  was  3.3°  or  less,  but  the  elevator  and  elevator  trim  tab  were 
only  63  percent  efficient  when  the  airplane’s  AOA  was  10°  or  greater.  (See  appendix  E  for 
data/figures.) 


The  EMB-120  degradation  calculated  by  Embraer  based  on  its  wind  tunnel  tests  was  similar  to 
the  3-inch  ram’s  horn  ice  shapes  commonly  used  to  represent  a  “critical  case”  ice  accretion  scenario  by  the  FAA 
during  icing  certification  testing. 
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1.16.1.1  Determination  of  the  Approximate  Onset  of  the  Drag  Increase 


During  the  simulations  conducted  in  the  engineering  simulator,  investigators 
observed  that  drag  increments  had  to  be  added  to  the  engineering  simulator’s  aerodynamic  data 
bank  to  match  the  FDR  data  as  the  airplane  departed  7,000  feet  msl;  the  drag  increments  needed 
to  match  the  FDR  data  continued  to  increase  as  the  airplane  descended  to  4,000  feet  msl. 
Investigators  further  reviewed  the  data  and  performed  additional  simulations  in  an  attempt  to 
determine  more  precisely  the  point  in  the  airplane’s  descent  at  which  the  drag  first  began  to 
increase.  Throughout  much  of  its  descent,  the  airplane  was  changing  airspeed,  engine  torque, 
heading,  rate  of  descent,  etc.;  under  those  dynamic  conditions,  it  was  difficult  to  compare  the 
accident  airplane’s  FDR  data  (airspeed,  descent  rate,  engine  power  setting)  to  the  aerodynamic 
data  bank’s  predicted  performance  (based  on  a  clean — ^uncontaminated — airframe).  However, 
investigators  identified  six  intervals  of  relatively  stable  flight  conditions  that  occurred  during  the 
airplane’s  descent  between  8,000  feet  msl  and  4,500  feet  msl.  Simulations  were  then  conducted, 
using  the  performance  information  that  was  recorded  by  the  accident  FDR  during  these  five 
intervals,  and  varying  the  number  of  drag  counts*^  until  the  simulator’s  performance  closely 
matched  the  FDR  data. 

The  intervals  of  relatively  stable  flight  conditions — and  the  drag  counts  needed  to 
match  FDR  data — are  described  in  the  table  below: 


Time 

Descent  rate  (ft/min) 

Drag  Counts  added 

1548:02 

190KIAS 

1,500 

0 

1549:55 

variable 

variable 

80 

1552:02 

6,300 

177  KIAS 

750 

90 

1552:52 

5,500 

176  KIAS 

120 

1553:27 

4,800 

165  KIAS 

210 

1553:42 

170  KIAS 

1,500 

230*6 

Figure  10  depicts  Comair  flight  3272’s  ground  track  during  its  descent,  with  drag 
count  and  CVR  information  overlaid. 

According  to  Embraer  personnel,  during  the  initial  EMB-120  icing  certification, 
flight  tests  were  conducted  with  3 -inch  double  (ram’s)  horn  ice  shapes  on  unprotected  surfaces 
(representing  ice  accumulated  during  45  minutes  of  holding  in  maximum  continuous  icing 
conditions  with  ice  protection  equipment  activated).  The  resultant  airplane  drag  was  measured  in 
flight,  and  a  value  of  80  drag  counts  was  obtained  for  the  flap  and  landing  gear  up  configuration. 


**  A  drag  count  is  a  unit  of  drag  that  was  introduced  into  the  simulation  to  match  existing  FDR  or 
other  real-world  data.  For  example,  if  the  landing  gear  was  extended  during  the  simulation,  the  aerodynamic  data 
bank  drag  value  would  need  to  be  increased  by  300  drag  counts  to  approximate  the  effects  that  extending  the 
landing  gear  would  have  on  the  performance  of  the  airplane. 

**  FDR  data  indicated  that  during  Ae  last  few  minutes  of  the  flight  the  airplane’s  AOA  was 
increasing;  a  portion  (but  not  all)  of  the  increase  in  drag  counts  reflected  in  the  later  flight  conditions  described  in 
the  table  can  be  attributed  to  that  increasing  AOA. 


North  Range  (n.m.) 
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Locations  in  trajectory  of  added  Drag  to  simulation 


-9 


-10 


-11 


-12 


-13 


-14 


-15 


-16  -15  -14  -13  -12  -11 

East  Range  (n.m.) 


-10 


-9 


-8 


Figure  lO.-Ground  track  of  Comair  flight  3272. 
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1.16.1.2  Effect  of  Power  Increase  on  Upset  (No  Increase  in  Power, 

Symmetrical,  and  Asymmetrical  Power  Applications) 

Because  the  accident  airplane  did  not  exhibit  an  increase  in  airspeed  and/or  pitch 
in  response  to  the  engine  power  increase  that  occurred  at  1554:16  (about  9  seconds  before  the 
autopilot  disengaged),*^  additional  simulations  were  performed  in  Embraer’s  EMB-120 
engineering  simulator  to  better  understand  the  airplane’s  response  to  the  power  application.  The 
FDR  data  (see  figure  9)  from  the  accident  airplane  indicated  that  after  the  engine  power  increased 
at  1554:16,  the  airplane’s  AOA  continued  to  increase,  its  left  roll  continued  to  steepen,  and  its 
airspeed  continued  to  gradually  decrease  through  148  knots.  The  airplane’s  airspeed  reached  its 
lowest  recorded  value  of  146  knots  at  1554:23,  as  the  engine  torque  continued  to  increase  (left 
engine— 85.2  percent,  right  engine— 94.7  percent).**  The  FDR  data,  aerodynamic  modifications, 
and  degradations  described  in  section  1.16.1.1  were  introduced  again  for  this  simulation,  with  the 
exception  of  the  engine  torque  parameters;  in  this  case,  the  torque  for  both  engines  was 
maintained  in  the  flight  idle  range  throughout  the  simulation.  The  simulation  resulted  in  a  data 
plot  that  resembled  the  FDR  data  plot  until  1554:16.  At  that  point,  the  data  (see  appendix  E) 
from  the  simulation  (in  which  engine  power  remained  at  flight  idle,  instead  of  increasing  as 
indicated  by  the  FDR  data)  showed  a  steady  decrease  in  airspeed  (at  a  faster  rate  than  the  FDR 
data),  a  decrease  in  the  AOA,  and  less  tendency  to  roll  to  the  left. 

In  January  1998,  additional  simulations  were  conducted  in  the  EMB-120  training 
simulator  at  Embraer’s  facilities  in  an  attempt  to  identify  the  effect  of  the  asymmetrical  power 
application  on  the  left  roll  during  the  upset  sequence.  Unlike  the  engineering  simulator,  the 
EMB-120  training  simulator  was  designed  with  flight  and  power  controls  similar  to  those  in  a 
real  airplane — the  power  controls  allowed  for  separate  engine  torque  inputs,  as  they  would  in  an 
airplane.  These  simulations  were  performed  using  all  the  modifications  to  the  aerodynamic  data 
that  had  been  identified  in  previous  simulations,  including  lift  degradation,  drag  increase,  nose- 
down  pitching  moment,  yawing  moment,  rolling  moment  (induced  by  lift  asymmetry),  and  loss 
of  elevator/elevator  tab  efficiency.  The  simulator  was  flown  by  an  Embraer  test  pilot  with  the 
autopilot  engaged  as  it  was  during  the  accident  flight;  engine  power  was  applied  manually  by  the 
simulator  pilot. 

The  simulations  revealed  that  the  timing  and  rate  of  power  application  affected  the 
mode  of  autopilot  disconnect  in  the  following  ways: 

•  When  asymmetrical  power  application  was  initiated  at  an  airspeed  of  150 
knots  (power  application  and  torque  splits  occurring  at  similar  times  and 


Although  the  accident  airplane’s  airspeed  and  pitch  did  not  increase  (or  stabilize)  as  a  result  of 
this  engine  power  application,  the  FDR  data  indicated  that  the  airplane  s  deceleration  was  arrested  at  that  time,  and 
longitudinal  acceleration  increased  from  about  .04  G  to  .23  G  before  the  autopilot  disengaged,  indicating  a  positive 
effect  from  the  power  application. 

Although  the  FDR  data  showed  that  the  engine  torques  for  the  right  and  left  engines  were  split 
during  the  power  application,  Embraer’s  engineering  simulator  was  not  capable  of  accurately  replicating  the  split 
torque  condition.  The  split  engine  torque  was  subsequently  simulated  in  Embraer’s  flight  training  simulator,  which 
had  throttles  that  could  be  manipulated  to  duplicate  the  split  torque  condition. 
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extents  as  those  observed  in  the  accident  FDR  data — see  figure  9,  FDR  plot 
with  CVR  overlay,  or  appendix  C),  the  autopilot  disengaged  when  the  roll 
angle  exceeded  45°,  and  an  upset  occurred  similar  to  the  accident  scenario. 

•  When  a  similar  asymmetrical  power  application  was  initiated  at  an  airspeed  of 

145  knots,  the  autopilot  disengaged  when  the  stick  shaker  activated  as  the 
airplane  approached  45°  of  bank,  and  an  upset  occurred. 

•  When  a  similar  as)aTimetrical  power  application  was  initiated  at  an  airspeed  of 
155  knots  (3  seconds  earlier/5  knots  faster  than  the  accident  scenario),  the 
airplane’s  roll  angle  did  not  exceed  45°;  the  autopilot  maintained  the 
maximum  autopilot  command  limit  for  the  heading  mode  (27.5°),  it  did  not 
disengage,  and  an  upset  did  not  occur.  The  lowest  airspeed  observed  was  150 
knots. 

•  When  power  was  applied  S5mimetrically,  beginning  at  an  airspeed  of  150 
knots,  the  airplane’s  roll  angle  never  exceeded  45°;  the  autopilot  maintained 
the  maximum  autopilot  command  limit  for  the  heading  mode  (27.5°),  it  did 
not  disengage,  and  an  upset  did  not  occur.  The  lowest  airspeed  observed  was 

146  knots. 

•  When  power  was  applied  symmetrically,  beginning  when  the  simulator’s 
airspeed  decreased  to  145  knots,  the  autopilot  disengaged  when  the  stick 
shaker  activated  at  a  roll  angle  of  33°;  the  airplane’s  roll  angle  subsequently 
exceeded  45°,  and  an  upset  occurred. 

To  determine  the  effect  of  the  aerodynamic  degradation  on  the  criticality  of  the 
torque  split,  additional  simulations  were  performed  without  the  modifications  to  the  aerodynamic 
database  that  were  used  in  the  earlier  simulations  (i.e.,  lift  degradation,  increase  in  drag,  etc.).  In 
this  case,  when  the  as3anmetrical  power  application  and  the  resultant  torque  split  were  initiated  at 
150  knots,  and  occurred  at  times  and  rates  similar  to  those  observed  in  the  accident  FDR  data,  no 
upset  occurred. 

The  simulator  pilots  also  varied  the  recovery  technique  used^^  and  reported  the 
following  results: 


•  When  the  aerodynamic  modifications  (lift  degradation,  drag  increase,  etc.) 
were  removed  immediately  after  the  upset  (as  if  by  deicing  equipment 
activation  or  cycling),  the  simulator  pilots  were  able  to  regain/maintain 
control  of  the  airplane  without  difficulty  and  with  minimal  altitude  loss. 


The  Safety  Board  notes  that  Embraer’s  engineering  and  training  simulators  were  not  able  to 
accurately  reproduce  the  dynamic  situation  recorded  by  the  accident  airplane’s  FDR  after  the  autopilot  disconnected, 
and  the  aerodynamic  coefficients  used  in  the  simulator  may  not  be  valid  in  these  dynamic  maneuvers;  therefore,  the 
recovery  results  described  here  have  not  been  validated. 
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•  When  the  aerodynamic  modifications  were  not  removed  and  recovery  was 
attempted  solely  by  reducing  the  bank  angle,  the  simulator  pilots  were  able  to 
regain/maintain  control  of  the  airplane  with  minimal  difficulty  but  with  large 
(1,000  feet  to  3,500  feet)  altitude  losses. 

The  investigation  revealed  several  possible  reasons  for  the  engine  torque  split 
observed  in  the  accident  airplane’s  FDR  data,  including  the  following:  uneven  flightcrew  throttle 
movement,  improperly  rigged  engine  controls,  improper  engine  trim  adjustment,  or  the  ingestion 
of  ice  by  the  engine. 


1.16.1.3  Additional  Information  Obtained  During  Simulator  Studies — Visual  Cues 

Investigators  who  participated  in  the  simulator  flights  reported  that  there  were 
visual  cues  associated  with  the  EMB-120  control  wheel  displacement  that  corresponded  to  the 
autopilot-commanded  right  aileron  input,  especially  during  the  3  to  4  seconds  before  the 
autopilot  disconnected  and  an  upset  occurred.  According  to  the  investigators,  as  the  autopilot 
applied  force  to  move  the  control  wheel  and  ailerons  to  the  right  to  counter  the  left  roll  tendency, 
the  left  grip  portion  of  the  EMB-120  control  wheel  (which  is  shaped  like  a  ram’s  horn)  moved 
up;  in  some  cases,  the  control  wheel  partially  obstructed  the  pilots’  view  of  the  lower  portion  of 
the  instrument  panel. 

1.16.1.4  Additional  Autopilot  Aileron  Servo  Mount/Servo  Torque  Information 

During  the  flight  training  simulator  sessions,  the  CWPs  recorded  by  the  accident 
FDR  differed  from  those  produced  by  the  simulator’s  autopilot.  To  obtain  EMB-120  simulator 
CWP  values  that  matched  the  FDR  data,  investigators  incorporated  a  slight  amount  of  aileron 
servo  torque  slippage  into  the  simulator’s  data  bank,  beginning  at  1554:14  and  incrementally 
increased  the  amount  of  slippage  until  the  autopilot  disengaged  at  1554:24.725. 

Although  these  adjustments  resulted  in  a  simulator  data  plot  that  matched  the 
accident  airplane’s  FDR  data  plot,  they  did  not  explain  the  accident  airplane’s  performance.  The 
autopilot  installed  on  the  accident  airplane  commands  aileron  deflections  by  applying  torque  to 
the  control  wheel/aileron  system  through  the  autopilot  servo  clutch.  Embraer  and  Collins 
personnel  reported  that  it  is  not  possible  for  the  autopilot  servo  clutch  installed  on  the  airplane  to 
provide  torque  incrementally — it  provides  torque  until  it  begins  to  slip  and  then  it  provides  no 
torque.  Comair’s  maintenance  records  indicated  that  during  a  maintenance  inspection  4  months 
before  the  accident,  the  aileron  servo  mount  breakaway  torque  was  measured  and  found  to  be 
within  the  manufacturer’s  specified  limits  of  175  +01-6  in-lbs;  according  to  Embraer’s  records, 
the  aileron  servo  mount  was  adjusted  to  this  value  by  the  manufacturer  on  June  24,  1991,  during 
production.^°  To  determine  why  the  CWPs  recorded  by  the  accident  airplane’s  FDR  differed 


According  to  Embraer  and  Collins  representatives,  although  servo  mount  breakaway  torque  was 
set  at  175  +0/-6  in-lbs,  the  autopilot  system  has  an  electronic  torque  limiting  system  that  will  limit  electrical  current 
delivered  to  the  servo  at  a  level  equivalent  to  150  in-lbs.  Thus,  the  maximum  torque  value  of  175  in-lbs  is  not 
reached  operationally. 
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from  those  produced  by  the  simulator,  investigators  conducted  a  series  of  ground  tests  on  an 
Embraer  EMB-120. 

According  to  Embraer  personnel,  because  the  EMB-120  aileron  was  directly 
connected  to  the  autopilot  aileron  servo,  their  engineering  simulator’s  flight  dynamic  data  bank 
reflected  a  direct  relationship  between  torque  at  the  servo  and  aileron  hinge  moment  (i.e.,  150  in¬ 
lbs  of  torque  at  the  servo  =150  in-lbs  commanded  at  the  aileron)  and  did  not  account  for  aileron 
system  loads.  To  determine  whether  the  direct  relationship  in  the  engineering  simulator’s  data 
was  accurate  on  a  real  airplane,  investigators  applied  weights  to  the  trailing  edge  of  the  aileron  to 
simulate  the  aerodynamic  aileron  hinge  moment  that  Embraer  calculated  would  result  from  150 
in-lbs  of  torque.  After  the  weights  were  installed,  the  autopilot  was  engaged  and  a  heading 
change  was  selected,  and  the  resultant  aileron  rate  commanded  by  the  autopilot  servo  was 
documented.  Weights  were  incrementally  added  until  the  autopilot’s  electronic  aileron  servo 
torque  limit  was  reached.  Investigators  observed  that  the  150  in-lbs  electronic  torque  limit  was 
reached  when  the  1 10  pounds  of  simulated  aerodynamic  load  (weight)  was  applied  at  the  aileron. 

The  tests  demonstrated  that  the  aileron  servo  was  capable  of  maintaining  the 
maximum  aileron  rate  of  about  5.5°  per  second  until  it  reached  a  calculated  servo  torque  of  about 
110  in-lbs;  at  1 10  in-lbs,  the  aileron  servo  stopped  moving  the  aileron.  Embraer  personnel  stated 
that  when  they  set  up  the  EMB-120  engineering  simulator’s  flight  dynamic  data  bank  they  had 
not  accounted  for  resistance  resulting  from  aerodynamic  forces  acting  on  the  aileron  in  flight  and 
friction  in  the  aileron  control  cable  system.  They  stated  that  because  of  resistance  in  the  aileron 
control  system  downstream  of  the  aileron  servo  clutch  “the  servo  will  reach  its  torque  limit  of 
150  in-lbs  when  the  aileron  hinge  moment  is  [30  to  40  in-lbs]  less  than  the  equivalent  150  in-lb 
value  for  a... friction  free  system  as  in  the  flight  simulator.”  When  the  EMB-120  engineering 
simulator  data  was  modified  based  on  this  information,  and  the  accident  scenario  simulations 
were  flown  again;  the  resultant  simulator  data  plots  closely  matched  the  accident  airplane’s  FDR 
data  plots. 


1.16.1.5  Examination  of  the  Airplane’s  Roll  Behavior/Aileron  Effectiveness/Roll  Rate 

Information 

These  simulations  and  calculations  were  performed  to  understand  the  airplane’s 
roll  behavior  immediately  before  and  after  the  autopilot  disconnect  occurred  and  to  determine 
whether  the  roll  behavior  was  the  result  of  a  total  or  partial  separation  of  the  airflow  over  the  left 
wing.  Investigators  compared  aileron  behavior  and  FDR  data  in  an  attempt  to  determine  the 
following  characteristics/parameters: 

1.  The  maximum  roll  rate  for  full  control  wheel  deflection  (45°  either  side  of 
neutral  =  maximum  control  wheel  deflection)  at  the  moment  of  the  upset. 

2.  An  accounting  of  the  roll  rate  during  the  1  second  before/2  seconds  after  the 
autopilot  disengaged  (addressing  aileron,  lift  asymmetry,  power  increase). 
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3.  The  aileron  free-floating^*  angle  just  after  the  autopilot  disengagement. 

4.  The  aileron  torque  just  before  the  upset. 

The  FDR  data  indicated  that  during  the  2  seconds  after  the  autopilot  disengaged, 
the  accident  airplane’s  CWP  moved  from  19.5“  right  to  21.4“  left  (41“  of  travel).  According  to 
Embraer’s  engineering  data,  41“  of  control  wheel  travel  with  an  uncontaminated  air  foil  should 
result  in  a  maximum  roll  rate  of  49“  per  second;^^  however,  the  airplane’s  maximum  roll  rate 
after  the  autopilot  disconnect  occurred  (as  recorded  by  the  FDR)  was  67“  per  second. 

Because  the  accident  airplane’s  roll  rate  exceeded  the  maximum  design  roll  rate 
for  the  observed  control  wheel  travel,  the  Safety  Board  considered  the  effect  of  forces  other  than 
aileron  deflection,  such  as  asymmetric  lift  distribution  and  engine  power  increase.  Embraer’s 
flight  test  data  indicated  that  symmetric  power  application  resulted  in  an  additional  left  roll  rate 
of  about  5“  per  second.  Additionally,  the  asymmetrical  engine  power  application  that  occurred 
during  this  accident  resulted  in  more  right  engine  thrust  and  would  result  in  an  increased  left 
yaw/roll  tendency  (unquantified).  Thus,  the  total  roll  rate,  including  the  roll  rate  that  resulted 
from  the  41“  of  total  control  wheel  travel  (from  19.5“  RWD  to  21.4“  LWD;  up  to  49“  per  second 
roll),  the  roll  rate  that  resulted  from  the  asymmetric  lift  degradation  (12“  per  second),  and  the  roll 
rate  induced  by  the  S5mimetrical  application  of  engine  power  (5“  per  second — this  does  not  take 
into  account  the  asymmetrical  power  application,  which  would  have  exacerbated  the  left  roll  rate) 
was  determined  to  be  up  to  66“  per  second. 

The  FDR  data  indicated  that  as  the  airplane  rolled  to  the  left  before  the  autopilot 
disengaged,  the  autopilot  was  commanding  an  increasing  aileron  deflection  to  the  right;  however, 
about  1  second  before  the  autopilot  disconnected,  the  FDR  data  revealed  an  increase  in  the  left 
roll  rate.  The  Safety  Board  examined  the  aileron  autopilot  servo  torque  just  before  the  upset  in 
an  attempt  to  determine  the  reason  for  the  increase  in  left  roll  rate  before  the  autopilot 
disengaged.  According  to  Embraer,  the  designed  aileron  autopilot  servo  torque  value  equals 
control  wheel  force  in  pounds  divided  by  0.288.  Embraer’s  calculations  indicated  that  the 
control  wheel  force  applied  by  the  autopilot  just  before  it  disengaged  was  43.4  pounds,  and  the 
resultant  calculated  autopilot  aileron  servo  torque  was  150.6944  in-lbs  (43.3  divided  by  0.288  = 
150.6944),  which  would  correspond  to  the  autopilot  fail  condition  sensed  immediately  before  the 
autopilot  disengaged. 

The  Safety  Board  reviewed  FDR  and  engineering  data  in  an  attempt  to  determine 
what  the  expected  aileron  “floating”  angle  (aileron  angle  without  autopilot  or  pilot  input)  would 
have  been  just  after  the  autopilot  disengaged.  The  FDR  that  was  installed  on  the  accident 
airplane  did  not  record  aileron  position;  therefore,  investigators  applied  Embraer’s  standard 
EMB-120  conversion  formula  to  obtain  the  accident  airplane’s  aileron  position  from  the  CWP 
recorded  by  the  FDR  throughout  the  upset  event.  As  the  airplane  rolled  to  the  left  after  autopilot 
disconnect,  the  local  AOA  of  each  wing  changed  as  a  result  of  that  rolling  motion;  the  AOA  on 


The  aileron  free-floating  angle  (also  known  as  “zero  hinge  moment”  position)  is  the  aileron 
angle  without  control  forces  applied  by  the  autopilot  or  the  flightcrew. 

^  This  maximum  roll  rate  is  based  on  control  wheel  travel  from  a  neutral  position  to  45°;  the  roll 
rate  for  control  wheel  travel  from  19.5°  right  to  21.4°  left  would  be  less  than  49“  per  second. 


69 


the  downward  moving  (left)  wing  increased,  while  the  AOA  on  the  upward  moving  (right)  wing 
decreased.  Based  on  the  aerodynamic  conditions  that  existed,  including  the  change  in  local 
AOA,  calculations  indicated  that  the  EMB-120’s  total  aileron  floating  angle  would  correspond  to 
a  control  wheel  deflection  of  21”  to  the  left. 

The  Safety  Board’s  review  of  Embraer’s  EMB-120  initial  developmental  flight 
test  data  revealed  that  the  airplane  exhibited  a  slight  tendency  to  roll  to  the  left  with  symmetrical 
power  applied  in  some  test  flight  conditions.  Specifically,  during  flight  tests  intended  to 
demonstrate  the  airplane’s  flight  characteristics  during  power  on,  no  flap  stalls,  the  airplane 
exhibited  a  slight  tendency  to  yaw,  then  roll  to  the  left  during  the  incipient  stall  stage.  The  results 
indicated  that  although  the  tendency  was  slight  and  easily  controlled,  the  airplane  exceeded  the 
FAA’s  20”  roll  certification  limit  during  the  recovery  procedure.  According  to  Embraer 
personnel,  Embraer  incorporated  a  stick  pusher  into  the  system  to  prevent  the  airplane  from 
reaching  the  AOA  at  which  the  yaw  and  subsequent  roll  would  occur.  Because  the  left  roll 
tendency  was  observed  at  airplane  AOA  of  about  18°,  the  stick  pusher  was  designed  to  prevent 
the  AOA  exceeding  12.5”.  The  flight  test  data  revealed  no  other  instances  that  exhibited  a  left 
roll  tendency. 


FAA  Aircraft  Certification  Office  (ACO)  personnel  and  the  FAA’s  environmental 
icing  NRS  stated  that  even  under  normal  flight  conditions  (uncontaminated  airfoils,  symmetrical 
power  settings,  etc.)  turbopropeller-driven  airplanes  tend  to  yaw/roll  to  the  left  when  operating  at 
power  settings  above  flight  idle;  they  attribute  this  tendency  to  the  aerodynamic  effects  of  the 
large,  non-counterrotating  propeller  blades.^^  As  previously  discussed,  EMB-120  pilots  reported 
that  the  EMB-120  exhibited  a  strong  left  yaw/roll  tendency  with  power  applications  at  all 
airspeeds. 


1.16.2  Postaccident  Icing/Wind  Tunnel  Tests 

During  the  Safety  Board’s  investigation  of  this  accident,  two  series  of  icing/wind 
tunnel  tests  were  conducted:  1)  Safety  Board  staff  and  scientists  at  NASA-Lewis  conducted  a 
series  of  icing  tunnel  tests  to  determine  the  possible  ice  accumulations  experienced  by  Comair 
flight  3272  and  to  identify  the  aerodynamic  effects  of  ice  accumulations  of  various  roughness  and 
symmetry,  at  various  airfoil  AOA,  airspeeds,  and  temperatures;  and  2)  as  part  of  its  continuing 
airworthiness  program  (and  to  explore  the  aerodynamic  effects  of  delayed  activation  of  deicing 
boots),  the  FAA  contracted  with  UIUC  to  conduct  a  series  of  wind  tunnel  icing  tests  to  assess  the 
aerodynamic  effects  of  delaying  activation  of  deicing  boots  and  of  residual  ice  or  roughness 
remaining  on  the  leading  edge  after  the  deicing  boots’  inflation  cycle. 


According  to  the  FAA’s  AC  61-21A,  “Flight  Training  Handbook,”  “[w]ith  the  airplane  being 
flown  at  positive  angles  of  attack,  the  right  (viewed  from  the  rear)  or  downswinging  [propeller]  blade,  is  passing 
through  an  area  of  resultant  velocity  which  is  greater  than  that  affecting  the  left  or  upswinging  blade.  Since  the 
propeller  blade  is  an  airfoil,  increased  velocity  means  increased  lift.  Therefore,  the  downswinging  blade. .  .tends  to 
pull  (yaw)  the  airplane’s  nose  to  the  left.”  This  “unbalanced  thrust”  becomes  greater  as  the  airplane’s  AOA  increases. 
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Both  icing/wind  tunnel  tests  used  airfoil  segments  representative  of  the  mid-to- 
outboard  section  of  the  EMB-120  wing — a  National  Advisory  Committee  for  Aeronautics 
(NACA)  23015  to  23012  airfoil,^"^  with  leading  edge  deicing  boots  similar  to  the  deicing  boots  on 
the  EMB-120  wing.  The  UIUC  airfoil  was  about  a  1/3  scale  model  of  the  NACA  23012  airfoil 
installed  near  the  wing  tip  of  the  EMB-120,  with  an  aileron.  The  icing  tunnel  tests  conducted  at 
NASA-Lewis  used  a  full-scale  airfoil  (representative  of  a  section  of  the  EMB-120  wing  slightly 
inboard  of  the  wing  tip — a  NACA  23014.5  to  23015  airfoil),  with  functional  deicing  boots.^^ 
NASA’s  airfoil  differed  from  the  EMB-120  wing  section  slightly;  most  notably,  the  airfoil  had  a 
fixed-position  aileron,  and  the  deicing  boot  extended  farther  aft  on  the  airfoil’s  lower  surface. 
(Figure  1 1  is  a  cross-section  of  a  NACA  23012/23015  airfoil,  with  deicing  boot  limits  indicated.) 


1.16.2.1  NASA  Lewis  Research  Center  Wind/Icing  Tunnel  Test  Results 

The  tests  conducted  at  NASA-Lewis  used  FDR  information  from  the  accident 
airplane  and  meteorological  conditions  that  were  identified  by  the  NCAR  mesoscale 
meteorological  study  to  determine  what  ice  accretions  might  result  and  to  determine  the 
aerodynamic  effects  of  those  ice  accumulations  at  various  representative  airfoil  AOAs  (3°,  5”, 
and  7°).  The  test  process  was  outlined  as  follows: 

1 .  The  LEWICE  computer  program^^  was  used  to  provide  information  about  the 
ice  accumulation  and  the  extent  of  ice  coverage  (impingement  limits)  that 
might  have  accreted  on  the  accident  airplane  during  its  descent. 

NACA  was  the  predecessor  to  NASA,  renamed  in  1958.  NACA  performed  thousands  of  tests 
on  airfoil  shapes  to  develop  information  regarding  which  were  most  efficient  for  various  flight  conditions.  NACA 
identified  different  airfoil  shapes  with  a  logical  numbering  system,  described  in  “Fundamentals  of  Aerodynamics.” 

The  scientists  at  NASA-Lewis  had  previously  used  this  airfoil  during  post-Roselawn  IRT  tests 
(initiated  in  late  1994)  intended  to  determine  the  effects  of  SLD  ice  accretion  on  the  NACA  23012  airfoil.  NASA- 
Lewis  scientists  presented  the  results  of  the  earlier  IRT  tests  at  the  FAA’s  “International  Conference  on  Aircraft 
Inflight  Icing,”  May  6  through  8,  1996;  the  IRT  test  results  indicated  that  the  most  detrimental  aerodynamic  effects 
occurred  at  an  air  total  temperature  of  28°  F,  and  stated  the  following,  in  part: 

aircraft  ice  formed  from  [SLD]  icing  clouds  accretes  further  aft  on  aircraft  surfaces  than  that 
formed  from  the  more  common  10  to  40  [micron]  droplet  icing  clouds.... This  is  primarily  due  to 
the  fact  that  large  droplets  impinge  further  aft  on  the  airfoil  surfaces  than  do  small  droplets.  A 
significant  amount  of  runback  and  secondary  impingement  has  also  been  observed  in  these  tests. 
Secondary  impingement  is  a  term  used  to  describe  the  action  of  unfrozen  water  droplets  blowing 
off  the  accreted  ice,  the  impinging  on  the  model  further  downstream. 

The  NASA-Lewis  report  concluded  the  following: 

•  An  increase  in  droplet  size  moved  the  impingement  limits  further  aft  on  the  airfoil.  In 
addition,  runback  and  secondary  impingement  accreted  ice  aft  of  the  impingement  limits  on 
the  airfoil. 

•  Increasing  the  angle  of  attack  caused  more  ice  to  accumulate  on  the  pressure  [lower  wing] 
surface  and  less  ice  on  the  suction  [upper  wing]  surface. 

LEWICE  is  a  computer  program  developed  by  NASA-Lewis  to  predict  the  extent  of  ice 
accretion  on  the  leading  edges  of  airplane  wings.  The  LEWICE  program  cannot  predict  surface  roughness  features 
but  will  predict  impingement  limits  and  ice  thickness  for  specified  conditions. 
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2.  To  detennine  representative  ice  shapes  for  a  computational  performance  study, 
experimental  icing  tunnel  tests  were  performed  on  a  6  foot  section  of  NACA 
23014.5  to  23015  airfoil  mounted  vertically  in  the  IRT  test  section,  equipped 
with  deicing  boots  to  represent  the  mid-to-outboard  section  of  the  EMB-120 
wing.  The  chord  of  the  model  varied  from  73  inches  at  the  floor  to  65  inches 
at  the  ceiling  and  was  68  inches  at  the  model  centerline.^’ 

3.  Two-dimensional  computational  studies  were  conducted  to  determine  the 
aerodynamic  effects  of  the  identified  ice  shape  accumulations.  The  studies 
examined  the  airflow  over  the  airfoil  with  and  without  a  deflected  rear  surface 
(simulating  aileron  movement)  to  determine  the  relative  aerodynamic  effects 
of  the  identified  ice  shapes. 

4.  The  final  phase  of  the  test  process  involved  three-dimensional  computational 
studies,  which  were  performed  to  determine  the  flowfield  of  the  entire  wing 
with  the  identified  ice  shapes.  The  results  from  this  phase  of  the  study  were 
not  available  at  the  time  of  this  report;  however,  NASA  scientists  intended  to 
compare  them  to  the  results  from  the  two-dimensional  studies  to  determine  the 
spanwise  flow  and  to  identify  how  that  flow  affected  the  wing  aerodynamics, 
particularly  near  the  wing  ailerons. 

The  NASA-Lewis  IRT  is  a  closed-cycle,  refrigerated  wind  tunnel,  with  spray 
equipment  installed  upstream  of  the  test  section  (see  figure  12).  The  test  section  is  6  feet  high  by 
9  feet  wide  and  can  accommodate  full-scale  wing  sections.  The  IRT  atmospheric  conditions  can 
be  varied  to  provide  a  range  of  total  air  temperatures  (TAT),  droplet  sizes,  and  LWCs.  Also,  the 
airfoil  mounting  system  can  be  adjusted  to  vary  the  airfoil’s  AOA.  The  IRT  test  section  is 
observable  through  windows  from  adjoining  rooms,  and  the  test  facility  has  video  and 
photographic  documentation  capability. 

During  NASA’s  IRT  tests,  the  EMB-120  wing  section  was  exposed  to  icing 
conditions  at  airfoil  AOA  (3°,  5°,  and  1°),  LWCs  (0.58  grams/cubic  meter  to  0.8  grams/cubic 
meter),  droplet  sizes  (20,  40,  70,  100,  120,  175,  and  270  microns  MVD),  TATs  (26°  F  to  31°  F), 
and  an  airspeed  (172  knots)^®  that  approximated  the  conditions  encountered  by  Comair  flight 
3272  as  it  descended  from  7,000  feet  msl  (the  altitude  at  which  evidence  of  increased  drag 
appeared — see  section  1.16.1.1).  The  exposure  time  used  in  the  tests  was  5  minutes  (similar  to 
the  length  of  time  that  drag  counts  were  observed  on  the  accident  airplane),  and  the  deicing  boots 


These  chord  lengths  are  representative  of  a  section  of  the  EMB-120  wing  from  a  point  near  the 
outboard  edge  of  the  outboard  trailing  edge  flap  to  approximately  Vi  span  of  the  aileron. 

As  Comair  flight  3272  descended  through  the  clouds,  the  airspeed  was  decreasing  in  response  to 
a  series  of  ATC  airspeed  instructions.  The  172  knot  airspeed  was  selected  for  the  IRT  tests  because  it  was  the  mean 
airspeed  observed  in  the  accident  airplane’s  FDR  data  during  the  last  4V2  to  5  minutes  of  the  accident  flight,  when 
drag  was  observed  in  the  FDR  data/simulations.  The  mean  airspeed  was  selected  for  the  IRT  tests  (rather  than  a 
range  of  airspeeds)  because  the  NASA-Lewis  experts  reported  that  for  the  range  of  airspeeds  observed  in  the 
airplane’s  FDR  data,  airspeed  was  not  a  significant  factor  in  determining  the  type  and  location  of  ice  accretion  on  an 
airframe. 
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Figure  1 1  .-Cross-section  of  a  NACA  23012/23015  airfoil. 
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Figure  12.— NASA  Lewis  Icing  Research  Tunnel. 
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were  cycled  at  different  exposure  times  during  some  test  conditions.  (See  appendix  F  for  a 
complete  description  of  the  test  conditions  and  copies  of  ice  traces  for  various  test  conditions.) 

Review  of  the  IRT  test  data  indicated  that  in  all  the  tested  conditions,  ice  began  to 
accumulate  within  the  first  minute  of  exposure;  early  accumulations  were  rough  and  thin,  and 
observers^^  reported  that  they  were  generally  difficult  to  identify  (let  alone  gauge  in  thickness). 
NASA-Lewis  specialists  reported  that  early  in  the  exposure  period,  the  rough  ice  accretion 
appeared  to  develop  over  the  entire  impingement  area  (leading  edge  deicing  boot  coverage),  then 
grew  in  thickness  and  density  (without  much  change  in  the  area  of  coverage)  as  exposure  time 
increased.  Also,  in  many  of  the  test  conditions,  as  the  ice  accretion  increased,  a  small  ridge  (or 
small  ridges)  of  rough  ice  began  to  accumulate  at  or  about  the  deicing  boot  surfaces  located 
between  the  individual  tubes.  These  “stitchlines”  on  the  leading  edge  deicing  boots  ran  spanwise 
along  the  leading  edge  deicing  boot  segments  and  were  about  1  inch  to  IV2  inch  apart  (depending 
on  the  location  of  the  tube  within  the  deicing  boot  segment). Although  in  some  test  conditions 
ice  ridges  were  observed  at  locations  other  than  stitchlines  on  the  leading  edge  boot  surface, 
NASA-Lewis’s  experts  estimated  that  when  ice  ridges  formed  during  the  IRT  tests,  the 
stitchlines  tended  to  serve  as  “preferred  ice  collection  locations”  about  70  percent  of  the  time. 

The  maximum  overall  ice  thickness  accumulated  during  the  tests  was  about  0.25 
inch,’°^  with  most  icing  conditions  producing  thinner  accretions;  in  all  the  tested  conditions,  the 
surface  of  the  accreted  ice  was  described  by  NASA-Lewis  and  Safety  Board  observers  as 
“extremely  rough,”  “like  sandpaper,”  and  appeared  to  be  a  “glaze”  type  of  ice,  “slightly  clearer” 
than  rime  ice.  The  IRT  observers  further  noted  that  environmental  lighting  conditions  and  cloud 
(spray)  type  greatly  affected  the  conspicuity  of  the  ice  accumulation;  the  thin,  rough  ice  coverage 
that  accreted  on  the  EMB-120  wing  was  somewhat  translucent  and  was  often  difficult  to  perceive 
from  the  observation  window. The  Safety  Board  notes  that  it  is  possible  that  such  an 
accumulation  would  be  difficult  for  pilots  to  perceive  visually  during  flight,  particularly  in  low 
light  conditions  (i.e.,  in  clouds  and  precipitation,  at  dusk).  (See  appendix  F  for  photographs  and 
profile  traces  of  the  ice  accumulations  encountered  during  the  tests.) 

NASA’s  IRT  tests  revealed  that  the  extent  of  the  rough  ice  accumulation  on  the 
airfoil  surfaces  varied,  depending  on  the  LWC,  droplet  size,  and  airfoil  AOA  (all  tests  were 
conducted  at  172  knots  airspeed);  however,  all  conditions  tested  resulted  in  extremely  rough  ice 
accumulation  on  the  leading  edge  of  the  airfoil.  IRT  tests  conducted  at  5°  airfoil  AOA  with  a 
droplet  size  of  175  microns  MVD  resulted  in  rough  ice  that  extended  well  aft  of  the  deicing  boot 

Safety  Board  staff  observed  several  icing  tunnel  tests  with  NASA  personnel  through  windows  in 

adjoining  rooms. 

NASA’s  LEWICE  program  predicted  a  thin  layer  of  ice  over  the  leading  edge  surface,  with  a 
sparse  accumulation  of  thin  ice  aft  of  the  leading  edge  deicing  boot  on  the  lower  airfoil  surface  for  the  range  of 
conditions  tested;  however,  since  LEWICE  does  not  model  the  surface  dynamics  associated  with  ice  ridge 
accumulation,  it  did  not  predict  the  ice  ridge  accumulation  that  was  observed  during  some  IRT  tests. 

In  one  test  condition,  one  of  the  ridges  that  accumulated  at  a  deicing  boot  “seam”  (the  surface 
located  between  two  individual  tubes)  exceeded  Vi  inch. 

Although  observers  found  it  difficult  to  perceive  the  ice  accumulation  during  the  icing  exposure 
periods,  they  reported  that  the  ice  was  more  evident  after  the  icing  exposure  period  when  the  icing  tunnel  was 
brightly  lighted  for  photographic  documentation  of  the  ice  accretion.  When  brightly  lighted,  the  thin,  rough  “glaze” 
ice  coverage  looked  slightly  like  rime  ice  because  of  its  roughness. 
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coverage  on  the  bottom  airfoil  surface  and  feather-type  accumulations  along  deicing  boot 
surfaces  located  between  the  individual  tubes  aft  of  the  leading  edge  on  the  airfoil’s  upper 
surface  (feather-type  accumulations  on  the  upper  airfoil  surface  did  not  extend  aft  of  the  normal 
EMB-120  deicing  boot  coverage  during  the  NASA  IRT  tests).  Tests  conducted  at  5°  airfoil  AOA 
with  smaller  droplet  sizes  (20,  40,  and  70  microns)  resulted  in  smaller  amounts  of  rough  ice  that 
extended  aft  of  the  deicing  boot  coverage  on  the  lower  airfoil  surface, a  small  ridge-type 
accretion  along  the  leading  edge,  and  multiple  lines  of  feather-type  accretions  along  deicing  boot 
surfaces  located  between  the  individual  tubes  on  the  upper  airfoil  surface. 

In  general,  tests  conducted  at  lower  airfoil  AOA  resulted  in  ice  accumulating 
farther  aft  on  the  upper  deicing  boot  surface,  while  at  higher  airfoil  AOA,  the  ice  accretions 
tended  to  accumulate  along  the  leading  edge,  with  many  accumulating  as  a  small  ridge  near  the 
stagnation  point.*®"*  According  to  NASA  experts  and  the  FAA’s  Environmental  Icing  NRS,  ice 
accumulation  on  the  lower  wing  surface  is  primarily  a  drag  producer  and  would  not  result  in 
significant  lift  degradation,  whereas  ice  accumulation  on  the  leading  edge  and  upper  wing  surface 
(especially  rough  ice  or  ice  ridges)  would  result  in  significant  lift  degradation. 

The  IRT  tests  also  revealed  that  at  TATs*®^  between  26°  F  to  30°  F  (-3°  C  to  -1°  C), 
some  of  the  ice  accumulations  self-shed*®®  in  small  patches,  with  no  apparent  pattern  to  the 
shedding.  Further,  ice  that  accumulated  after  the  self-shedding  occurred  tended  to  build  on  the 
remaining/adjacent  ice  accretions  and  was  more  irregular  and  rough  than  other  ice  accumulations 
observed.  According  to  icing  experts  from  the  FAA,  NASA,  and  UIUC,  and  evidence  from  the 
wind  and  icing  tunnel  tests  and  other  research,  the  ice  that  accumulated  on  airfoils  that  were 
operating  at  TATs  between  0°  C  and  -3°  C  was  more  “slushy”  than  ice  accumulated  at  colder 
temperatures  (especially  the  ice  in  direct  contact  with  the  airfoil)  and  tended  not  to  adhere  to  the 
airfoil  very  firmly.  This  ice  was  more  subject  to  the  aerodynamic  forces  acting  on  it  and  tended 
to  slide  or  move  around  on  the  eiirfoil.  The  FDR  from  the  accident  airplane  recorded  static  air 
temperature  (SAT)  data;  the  SAT  temperatures  recorded  during  the  minute  before  the  accident 
ranged  between  -2°  C  and  -6°  C.  When  the  SAT  was  converted  to  TAT  (with  consideration  for 
the  airspeeds  the  airplane  was  operating),  the  resultant  TATs  ranged  between  0°  C  and  -4°  C. 


NASA’s  scientists  stated  that  the  ice  accretions  located  aft  of  the  deicing  boot  on  the  lower 
wing  surface  might  have  been  (at  least  partially)  an  artifact  of  the  icing  tunnel;  however,  as  previously  noted, 
NASA’s  LEWICE  program  predicted  some  sparse  frost-like  ice  accretion  aft  of  the  deicing  boot  on  the  lower  wing 
surface.  Additionally,  an  ice  impingement  study  conducted  by  B.E.  Goodrich  when  it  designed  the  deicing  boots  for 
the  EMB-120  leading  edges  indicated  that  in  an  icing  cloud  with  a  40  micron  MVD,  some  ice  would  accrete  on  the 
lower  wing  surface  aft  of  the  deicing  boot.  According  to  Embraer  personnel,  the  B.F.  Goodrich  ice  impingement 
study  showed  “very  small  traces  of  ice  beyond  the  boot  [which]  because  its  influence  is  on  drag  only  and  not  on 
lift.. .does  not  effect  the  safe  operation  of  the  aircraft.”  Embraer  further  stated  that  during  the  EMB-120  natural  icing 
flight  tests,  no  ice  was  observed  aft  of  the  deicing  boot  coverage. 

The  stagnation  point  is  the  point  on  the  leading  edge  of  the  airfoil  where  the  relative  airflow 
diverges  to  pass  above  and  below  the  wing  so  that  the  local  airflow  velocity  is  zero. 

105  obtained  by  a  probe  on  the  airplane  that  measures  the  temperature  of  the  free  stream  air 

at  the  airspeed  of  the  airplane.  Because  of  the  fluid  dynamic  effects  of  airspeed  on  air  temperature,  TAT  is  warmer 
than  the  outside  air  temperature  (OAT — also  referred  to  as  static  air  temperature  [SAT]). 

According  to  icing  experts,  self-shedding  is  the  process  of  ice  being  removed  from  the  leading 
edge  by  aerodynamic  forces,  without  deicing  boot  activation. 
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1.16.2.1.1  Results  of  NASA’s  Two-Dimensional  Computational  Studies 

Because  NASA’s  experts  advised  that  the  drag  measurements  they  were  able  to 
obtain  in  the  IRT  were  not  very  accurate  (because  of  turbulence  generated  in  the  IRT),  they 
conducted  computational  studies  to  obtain  more  accurate  lift  and  drag  information.  In  April 
1998,  NASA-Lewis’  scientists  and  icing  experts  briefed  Safety  Board  staff  on  the  results  of  the 
two-dimensional  computational  study  completed  by  NASA.  (Excerpts  from  NASA’s  review 
paper  are  included  in  appendix  F.)  To  conduct  the  study,  NASA’s  experts  reviewed  the  ice 
shapes  documented  in  the  IRT  tests  and  noted  that  the  ice  shapes  obtained  fell  into  three  basic 
shape  categories.  They  selected  the  following  three  representative  ice  shapes  for  use  in  their 
computational  study  (all  sample  shapes  were  accumulated  at  an  airspeed  of  172  knots,  an  AOA 
of  5°,  LWCs  of  0.8  g/m  cubed,  and  5-minute  exposure  time): 

•  Run  No.  2,  TAT  30°  F,  droplet  size  20  microns;  resulted  in  no  ice  ridge 
formation,  but  a  lot  of  relatively  small,  rough  bumps. 

•  Run  No.  3,  TAT  30°  F,  droplet  size  40  microns;  resulted  in  beginning  of  ridge 
formation,  slightly  larger  rough  bumps  than  run  No.  2. 

•  Run  No.  6,  TAT  26°  F,  droplet  size  20  microns;  resulted  in  predominant  ice 
ridge  formation  between  tube  segment  stitchlines  on  the  leading  edge,  rough 
bumps  extending  aft  on  the  upper  airfoil  surface  (about  halfway  to  the  aft  edge 
of  the  upper  surface  deicing  boot),  and  a  layer  of  rough  ice  coverage  extending 
from  the  ridge  to  the  deicing  boot’s  aft  edge  on  the  lower  surface. 

Because  the  digitized  ice  shape  had  many  sharp  comers  that  made  the  simulation 
difficult,  NASA’s  experts  performed  systematic  smoothing  at  different  levels  and  studied  their 
effects  on  lift  and  drag.  Three  levels  of  smoothing  (100  percent,  50  percent,  and  25  percent 
control  point  curves)  were  reviewed  for  this  study.  NASA’s  scientists  stated  that  the  50  percent 
control  point  curve  was  chosen  for  the  computational  study  because  its  lift  and  drag  predictions 
were  very  close  to  those  of  the  digitized  ice  shape  100  percent  control  point  curve. 

Because  the  study  indicated  that  the  ice  accretion  obtained  during  mn  No.  6 
resulted  in  the  most  severe  decrease  in  lift  and  increase  in  drag  of  the  runs  examined,  the  mn  No. 
6  results  were  applied  to  the  accident  airplane’s  flight  conditions.  Consistent  with  FDR 
information  from  the  accident  airplane  at  1554:12  (as  the  autopilot  began  to  command  right 
aileron  in  response  to  the  airplane’s  steepening  left  bank),  the  following  conditions  were  assumed 
for  the  remainder  of  the  computational  studies: 

•  Temperature — 25.5°  F  TAT 

•  Airspeed — 152  knots 

•  Pressure  altitude — 4,000  feet 

•  Aileron  deflection:  left  aileron — 2.56°  down,  right  aileron — 2.74°  up 

•  AOA:  5.8°  (body)  +  2.0°  (wing  incidence)  =  7.8°*°^ 


The  local  AOA  of  the  EMB-120  wing  varies  from  the  wing  root  to  the  wing  tip  because  of  the 
three-dimensional  flow  effects.  According  to  Embraer  data,  at  an  airplane  body  AOA  of  9°,  the  local  AOA  at  the 
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NASA’s  two-dimensional  computational  studies  based  on  ran  No.  6  indicated  that 
a  thin  layer  of  rough  ice  with  a  small  but  prominent  ice  ridge  located  about  0.5  to  1  percent  MAC 
produced  the  most  adverse  effect  on  lift  and  drag  of  all  the  studied  test  conditions.  According  to 
NASA  personnel,  when  compared  with  EMB-120  flight  test  data,  the  thin  layer  of  rough  ice  with 
a  small  ice  ridge  observed  in  ran  No.  6  could  have  had  a  more  adverse  effect  on  lift,  drag,  and 
stall  AOA  than  the  3-inch  ram’s  hom  ice  shapes  (on  unprotected  surfaces)  commonly  used  as  a 
“critical  case”  ice  accretion  scenario  for  FAA  icing  certification.  NASA’s  two-dimensional 
computational  studies  also  indicated  that  at  lower  angles  of  attack  the  left  wing  produced  more 
lift  than  the  right  wing;  however,  the  difference  in  lift  produced  by  the  two  wings  decreased  as 
the  AOA  increased,  until,  at  9°  local  AOA  a  lift  reversal  occurred,  and  the  left  wing  produced 
less  lift  than  the  right  wing.’®*  The  computational  studies  did  not  produce  a  drag  reversal — the 
left  wing  always  exhibited  more  drag  than  the  right  wing,  and  the  drag  increased  sharply  as  the 
AOA  increased.  NASA’s  review  report  stated  “[c]omputational  results  indicate  that  there  might 
have  been  a  possibility  of  roll  to  the  left  against  the  wish  of  the  pilot  [or  autopilot]  at  around  or 
slightly  higher  AOA  of  the  accident  airplane  [at  1554:12].”  NASA’s  experts  also  indicated  that 
if  ice  shedding  occurred  on  the  right  wing,  it  could  lower  the  lift  reversal  AOA.  The  accuracy  of 
the  lift  and  drag  degradations  calculated  is  unknown  since  NPARC  has  not  been  validated  for  the 
specific  ice  shapes  examined  during  this  study.  Also  the  NASA  experts  feel  that  the  ice  shapes 
measured  in  the  IRT  are  only  “representative”  because  of  the  uncertainty  of  the  flight  and 
meteorological  conditions  used  for  this  study. 


1.16.2.2  FAA/UIUC  Wind  Tunnel  Test  Results 

As  previously  mentioned,  the  UIUC  performed  the  wind  tunnel  tests  using  a  1/3 
scale  model  section  of  NACA  23012  airfoil  (18  inch  chord),  equipped  with  a  moveable  aileron. 
Force  and  surface  pressure  measurements  were  performed  with  no  contamination  on  the  test 
airfoil  to  obtain  aerodynamic  coefficients  and  aileron  hinge  moments  for  the  clean  airfoil 
throughout  a  reinge  of  aileron  deflections  and  AOAs.  Then  a  0.025-inch  carborundum  grit,’®^ 
representing  the  surface  roughness  of  intercycle  and  initial  ice  accretions,  was  distributed  over 
the  impingement  area  (ice/roughness  coverage  area,  extending  aft  from  the  leading  edge  to  a 
point  8  percent  of  wing  chord  on  upper  surface,  33  percent  of  wing  chord  on  lower  surface)”®  at 


wing  tip  would  be  4.5®,  near  the  center  of  the  aileron  the  local  AOA  would  be  about  8®,  and  near  the  wing  root  the 
local  AOA  would  be  more  than  10®. 

These  results  were  obtained  using  the  Baldwin-Barth  turbulence  model;  the  Spalart-Allmaras 
turbulence  model  produced  similar  results,  but  the  lift  reversal/crossover  point  occurred  at  a  slightly  higher  AOA 
(about  10°). 

Full-scale  roughness  at  0.075  inch  was  observed  during  NASA’s  wind  tunnel  tests  and  was 
considered  by  NASA’s  scientists  to  be  representative  of  intercycle  ice  residue  or  ice  accretion  before  delayed 
activation  of  the  ice  protection  system,  in  weather  conditions  similar  to  the  accident  conditions.  UIUC  used  0.025 
inch  for  the  1/3  scale  airfoil. 

The  FAA/UIUC  wind  tunnel  tests  were  initiated  by  the  FAA  as  part  of  its  continuing 
airworthiness  program  to  study  the  effects  of  intercycle  and  residual  ice  on  airplane  leading  edges;  although  this 
research  was  conducted  in  parallel  with  the  Safety  Board’s  investigation  of  the  Comair  flight  3272  accident,  it  was 
not  conducted  as  a  result  of  the  accident.  The  impingement  limits  used  in  the  FAA/UIUC  tests  were  calculated  using 
NASA’s  LEWICE  program  with  the  following  conditions:  an  airfoil  AOA  of  3®,  an  airspeed  of  166  knots,  an 
altitude  of  5,500  feet,  an  OAT  of  -1 1®  C,  and  a  droplet  size  of  90  microns.  (According  to  the  FAA’s  Environmental 
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surface  roughness  densities  of  5  to  10  percent,  15  to  20  percent,  and  greater  than  50  percent. 
Other  wind  tunnel  conditions  included  the  following:  166  knots  airspeed,  a  variety  of  airfoil 
AOAs  (-12°  to  beyond  stall  AO  A),  and  aileron  deflections  from  -15°  to  +15°,  in  5°  increments. 

The  resultant  basic  wind  tunnel  data  revealed  that  the  5  to  10  percent  density 
contamination  resulted  in  an  increase  in  the  airfoil’s  minimum  drag  of  almost  100  percent,  more 
than  30  percent  loss  of  maximum  lift,  and  a  loss  of  aileron  effectiveness.  When  the 
contamination  densities  were  increased  to  1 5  percent  to  20  percent  and  to  greater  than  50  percent, 
the  minimum  drag  increased  130  percent  and  140  percent,  respectively,  and  maximum  lift  loss 
increased  to  about  40  percent.  Contamination  coverages  greater  than  20  percent  did  not 
appreciably  change  the  lift  or  drag  values  over  those  of  the  15  to  20  percent  coverage  tests.  The 
wind  tunnel  data  also  showed  a  shift  from  the  airfoil’s  nearly  neutral  pitch  stability  (when 
uncontaminated),  toward  an  unstable  pitch  stability.*" 

According  to  wind  tunnel  and  engineering  data,  the  clean  airfoil  had  a  maximum 
lift  coefficient  (stall)  AOA  of  about  14°  to  15°,"^  while  an  airfoil  with  5  percent  to  10  percent 
roughness  coverage  had  a  stall  AOA  of  about  9°  to  10.°  This  reduction  in  stall  AOA  is  similar  to 
that  observed  using  3-inch  ram’s  horn  ice  shapes  on  protected  surfaces  during  Embraer 
developmental  tests;  however,  the  ice  roughness  resulted  in  a  deeper  poststall  break  than  that 
observed  with  the  3-inch  ram’s  horn  ice  shapes. 

These  data  demonstrated  that  the  wing’s  spanwise  stall  progression  with 
contaminated  leading  edge  surfaces  and  deflected  ailerons  can  be  affected  by  small  spanwise 
AOA  variations.  (See  appendix  F.)  The  wind  tunnel  data  observed  by  the  FAA/UIUC 
researchers  demonstrated  that  small  amounts  of  rough  (initial  or  intercycle)  contamination  result 
in  a  significant  decrease  in  maximum  lift  and  increase  in  drag;  further,  downward  control  surface 
deflections  increase  the  aerodynamic  effects  of  small  amounts  of  contamination  in  the  localized 
area.  FAA/UIUC  researchers  also  stated  that  their  data  demonstrated  that  with  contamination  on 
an  airfoil,  a  localized  stall  or  separation  of  airflow  will  occur  at  a  lower  AOA  with  a  downward 
deflected  aileron  than  it  would  with  no  aileron  deflection  or  with  an  upward  deflected  aileron. 


Icing  NRS,  within  the  Langmuir  distribution  of  a  cloud  droplet  spectrum  having  a  median  effective  diameter  of  50 
microns,  a  portion  of  the  droplets  will  be  90  microns;  therefore,  these  values  could  be  considered  to  fall  within  the 
Part  25  appendix  C  envelope.) 

On  an  airplane,  such  a  shift  in  pitch  stability  would  require  an  airplane  nose-up  pitch  trim  input 
to  maintain  a  stable  attitude  with  increasing  AOA.  FDR  data  indicated  that  the  accident  airplane’s  pitch  trim  was 
moving  in  an  airplane  nose-up  direction  as  the  AOA  increased  during  the  15  seconds  before  the  autopilot 
disengaged. 

For  the  remainder  of  this  report,  the  AOA  at  maximum  lift  coefficient  will  be  referred  to  as  the 
stall  AOA.  The  14°  to  15°  stall  AOAs  described  here  are  local  stall  AOAs  and  apply  to  the  clean  NACA  23012 
airfoil  used  in  the  wind  tunnel  tests.  (As  previously  discussed,  Embraer  used  a  combination  of  NACA  airfoils  in  its 
EMB-120  wing  design,  including  the  NACA  23012  airfoil  for  the  outboard  section  of  the  wings;  each  of  the  airfoils 
has  its  own  specific  stall  AOA.) 
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1.16.2.2.1  FAA  Environmental  Icing  NRS/UIUC  Conclusions  Based  on 
Wind  Tunnel  Tests 


During  a  December  1997  meeting  at  the  Safety  Board’s  headquarters  in 
Washington,  D.C.,  the  FAA’s  Environmental  Icing  NRS  reported  that  the  original  EMB-120 
certification  flight  tests  to  evaluate  the  airplane’s  handling  characteristics  were  conducted  with 
large,  critical  artificial  ice  shapes  (representing  accumulations  obtained  during  a  45-minute  hold 
in  appendix  C  icing  conditions)  on  unprotected  surfaces.  He  believed  that  the  adequacy  of  the 
EMB-120’s  flight  handling  characteristics  under  those  circumstances  were  well-documented 
during  the  certification  process.  However,  he  also  indicated  that  the  UIUC  wind  tunnel  tests 
demonstrated  that  much  smaller  amounts  of  accumulation — in  fact,  sandpaper-type  roughness 
covering  as  little  as  5  to  10  percent  of  the  leading  edge  surface  area  (which  had  previously  been 
considered  a  relatively  insignificant  accumulation) — resulted  in  significant  reductions  in  airplane 
performance  and  stall  speed  margins.  The  FAA’s  Environmental  Icing  NRS  stated  that  the 
EMB-120’s  flight  handling  characteristics  and  controllability  with  small  amounts  of  sandpaper- 
type  roughness  on  the  leading  edge  area  had  not  been  documented  during  the  icing  certification 
process;  however,  there  was  documentation  that  indicated  that  the  leading  edge  deicing  boots 
operated  successfully  throughout  the  flight  tests. 

In  May  1998,  the  FAA’s  Environmental  Icing  NRS  told  Safety  Board  staff  that  he 
believed  that  NASA’s  IRT  tests  were  well-performed,  and  stated  that  “the  scientists  at  NASA- 
Lewis  Research  Center  Icing  Technology  Branch  had  performed  an  exceptionally  excellent 
Navier-Stokes  computerized  fluid  dynamics  analytical  study  of  the  aerodynamic  effects  of  the  ice 
accretion  shapes  found  in  the  Icing  Research  Tunnel.”  He  stated  “Exceptional  efforts  were 
made... to  carefully  [smooth]  the  ice  accretions... and  several  turbulence  models  were  evaluated 
to  assess  proper  simulation  of  the  turbulent  boundary  layer  and  wake.  Also,  considerable 
computer  resources  were  expended... to  define  the  airfoil’s  aerodynamic  characteristics  with 
increasing  [AOAs]  and  with  various  aileron  deflections.”  He  stated  that  the  general  trends 
identified  by  NASA’s  IRT  tests  and  two-dimensional  computational  study  were  consistent  with 
studies  conducted  by  N  AC  A/NAS  A  in  the  late  1930s  through  the  1950s  and  with  the  FAA/UIUC 
wind  tunnel  results,  which  he  believed  lent  credibility  to  NASA’s  two-dimensional 
computational  study  results.^  He  also  stated  that  he  was  interested  to  see  the  results  of  NASA’s 
three-dimensional  analytical  studies  for  the  entire  wing,  “especially  since  such  a  study  would 
provide  reasonably  accurate  span  wise  upwash,  or  local  [AOAs],  to  assess  the  contaminated 
wing’s  spanwise  stall  progression  with  deflected  ailerons.” 

The  FAA’s  Environmental  Icing  NRS  indicated  that  he  was  concerned  that  most 
pilots  were  not  aware  that  such  slight  amounts  of  roughness  on  the  airfoils  (wings,  tail)  could 
result  in  the  significant  performance  degradation  that  was  demonstrated  during  the  NASA-Lewis 
IRT  and  FAA/UIUC  wind  tunnel  tests.  He  stated  that  pilots  may  observe  what  they  perceive  to 
be  an  insignificant  amount  of  ice  on  the  airplane’s  surface  and  be  unaware  that  they  may  still  be 


The  FAA’s  Environmental  Icing  NRS  commented  that  NASA’s  two-dimensional  computational 
study  results  should  be  used  with  caution,  especially  near  and  beyond  the  maximum  lift  AOA  and  for  configurations 
for  which  the  fluid  dynamics  computer  code  had  not  been  validated. 
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at  risk  because  of  reduced  stall  margins  resulting  from  icing-related  degraded  airplane 
performance. 


Further,  the  FAA’s  Environmental  Icing  NRS  stated  that  his  review  of  several 
airplane  flight  manuals  revealed  that  manufacturers  were  recommending  that  pilots  wait  until 
they  observed  measurable  thicknesses  (thicknesses  that  ranged  between  14  inch  and  IV2  inches, 
depending  on  the  manufacturer)  of  ice  on  the  airframe  structure  before  activating  the  leading 
edge  deicing  boots.  He  reported  that  the  recommended  delays  before  activating  the  deicing 
equipment  were  probably  the  result  of  concerns  regarding  ice  bridging;**'^  however,  he  added  that 
the  UIUC  wind  tunnel  test  results  indicated  that  considerable  (potentially  very  hazardous) 
aerodynamic  degradation  could  occur  before  a  pilot  perceived  ice  accumulation  on  the  airplane. 
In  November  1997,  the  FAA  and  NASA  conducted  a  workshop  to  address  the  phenomenon  of 
ice  bridging;  additional  information  regarding  the  phenomenon  of  ice  bridging  and  the 
FAA/NASA  Airplane  Deicing  Boot  Ice  Bridging  Workshop  is  included  in  section  1.18.4.2. 

The  FAA’s  Environmental  Icing  NRS  reported  that  the  UIUC  wind  tunnel  data 
supported  a  practice  of  activating  deicing  boots  at  the  first  sign  of  ice,  to  minimize  the 
contamination  and  resultant  aerodynamic  degradation.  He  further  stated  that  pilots  and  operators 
should  strive  to  “keep  it  clean,”  with  regard  to  in-flight  airframe  ice  accumulation.  Based  on  the 
wind  tunnel  test  results  and  other  research  data,  the  FAA’s  Environmental  Icing  NRS  stated  that 
he  believed  that  the  safest  practice  would  be  for  pilots  to  activate  the  leading  edge  deicing  boots 
immediately  upon  entering  icing  conditions — “the  earlier  the  better,  cycle  them  and  keep  the 
wing  contamination  less  than  5  percent,  if  possible.” 


1.16.2.3  Limitations  of  NASA-Lewis  Icing  Study  and  FAA/UIUC  Wind  Tunnel  Tests 

The  data  generated  during  the  NASA-Lewis  icing  study  and  FAA/UIUC  wind 
tunnel  tests  may  not  replicate  the  airflow  situations  that  would  occur  on  a  full-span  EMB-120 
wing  installed  on  the  airplane  for  several  reasons.  For  example,  a  full  span  EMB-120  wing  has 
aileron  fences,  vortex  generators,  flaps,  ailerons,  variable  airfoil  design,**^  and  taper,  and  the 
airflow  over  an  entire  wing  (or  an  entire  airplane)  has  both  spanwise  and  chordwise  aspects. 
Additionally,  a  three-dimensional  wing  develops  vortices  that  shed  from  the  wing  tips.  These 
vortices  alter  the  airflow  over  the  entire  wing,  although  the  most  pronounced  effect  is  near  the 
wing  tip;  they  produce  a  spanwise  airflow  and  alter  the  local  AOAs  along  the  wing.  Data 
provided  by  Embraer  indicated  that  with  an  airplane  body  AOA  of  9°,  the  local  AOA  near  the 


B.F.  Goodrich  Ice  Protection  Systems  (deicing  boot  manufacturer)  personnel  defined  ice 
bridging  as  follows:  “If  the  pneumatic  de-icers  are  activated  (inflated)  too  soon  i.e.  when  the  ice  layer  is  too  thin,  a 
shell  of  ice  will  form.  The  ice  shell  continues  to  build  thickness  and  resists  removal  during  subsequent  de-icer 
inflation  cycles.”  According  to  the  FAA’s  icing  handbook  (DOT/FAA/CT-88/8-1),  Section  III  1.6,  “Operational 
Use,”  “a  nominal  ice  thickness  of  0.5  inches  is  allowed  to  accrete  before  the  de-ice  system  is  turned  on.  Bridging  is 
the  formation  of  an  arch  of  ice  over  the  boot  which  is  not  removed  by  boot  inflation.  This  can  occur  if  the  system  is 
activated  too  early  or  too  frequently.” 

The  EMB-120  wing  is  a  combination  of  NACA  airfoil  types,  ranging  from  NACA  23018  at  the 
wing  root  to  NACA  23012  at  the  wing  tip. 
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wing  tip  would  be  4.5°,  the  AOA  at  the  wing  section  near  the  center  of  the  aileron  would  be 
about  8°,  and  the  AOA  near  the  wing  root  would  be  about  10°. 

Further,  NASA  experts  stated  that  the  ice  shapes  measured  in  the  NASA  IRT 
should  only  be  considered  “representative”  ice  shapes  because  of  the  uncertainty  in  the  flight  and 
meteorological  conditions  used  for  the  study. 

Another  limitation  of  the  FAA/UIUC  wind  tunnel  tests  occurred  because  the 
model  airfoil  used  in  those  tests  was  a  1/3  scale  model  (with  a  proportionally  smaller  airfoil 
chord),  which  affects  the  airflow  Reynolds  number.  The  Reynolds  number  is  a  measure  of  the 
relative  magnitude  of  the  viscous  effects  of  a  fluid  flow,  or  an  airflow.  The  Reynolds  number  is  a 
nondimensional  parameter,  a  measure  of  the  ratio  of  inertia  forces  to  the  viscous  forces  in  the 
airflow  over  a  characteristic  length.  In  this  case,  the  length  would  be  the  airfoil  chord  (18 
inches),  and  the  resultant  wind  tunnel  test  Reynolds  number  was  about  1.8  million.  According  to 
Abbott  and  Von  Doenhoff,*’^  the  Reynolds  number  for  the  NACA  23012  airfoil  was  6  million. 

According  to  research  conducted  by  Abbott  and  Von  Doenhoff  in  the  1940s  and 
1950s,  an  increase  in  Reynolds  number  resulted  in  a  higher  stall  AOA  up  to  a  point;  beyond  that 
point,  subsequent  increases  in  Reynolds  number  did  not  result  in  a  significant  increase  in  stall 
AOA.  (See  the  plot  in  appendix  F.)  Because  the  1/3  scale  model  airfoil  used  in  the  FAA/UIUC 
studies  had  a  smaller  chord  than  a  full-scale  NACA  23012  airfoil,  the  effect  the  scale  difference 
would  have  on  the  Reynolds  number  must  be  considered  before  generalizing  the  FAA/UIUC  test 
results  to  a  full-scale  airfoil.  Comparison  of  the  Abbott  and  Von  Doenhoff  NACA  23012  data 
with  the  FAA/UIUC  airfoil  data  indicated  consistent  incremental  aerodynamic  effects  of  the 
simulated  surface  roughness.  (According  to  the  FAA’s  Environmental  Icing  NRS,  this  suggests 
that  the  FAA/UIUC  test  results  would  reeisonably  apply  to  the  EMB-120  outboard  wing  section.) 
Abbott  and  Von  Doenhoff  s  research  further  indicated  that  a  small  amount  of  roughness  on  the 
leading  edge  of  the  airfoil  reduced  the  stall  AOA;  these  results  were  similar  to  the  FAA/UIUC 
test  results.  The  results  of  Abbott  and  Von  Doenhoff  s  research  will  be  further  discussed  in 
section  1.18.1.1,  and  excerpts  from  their  book  are  included  in  appendix  F. 

1.17  Organizational  and  Management  Information 


1.17.1  Comair — General  Information 

Comair  Airlines  was  founded  in  April  1977  as  a  small  commuter  airline, 
providing  scheduled  service  between  Cincinnati,  Cleveland,  Akron,  and  Detroit.  The  company 
became  a  publicly  owned  corporation  in  July  1981  and  began  using  Delta  Air  Lines’ 
computerized  reservations  system  to  manage  Comair’ s  flight  reservations  in  December  1981.  On 


Theory  of  Wing  Sections:  Including  a  Summary  of  Airfoil  Data,  by  Ira  H.  Abbott  and  Albert  E. 
Von  Doenhoff,  Dover  Publication,  New  York,  New  York.  1959.  This  reference  is  considered  to  be  the  definitive 
text  on  the  subject  of  wing  section  and  airfoil  theory  and  is  currently  used  in  engineering  education  programs. 
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September  1,  1984,  Comair  became  an  official  Delta  Connection  air  carrier,"’  and  in  July  1986, 
Delta  purchased  about  20  percent  of  Comair’ s  common  stock,  which  remained  in  Delta’s 
ownership  at  the  time  of  the  accident.  Comair  Airlines  was  one  of  seven  subsidiaries  of 
COMAIR  Holdings,  Inc."*  At  the  time  of  the  accident,  Comair  employed  about  850  pilots  and 
operated  7  Saab  340,  40  EMB-120,  and  45  Canadair  CL-65  airplanes  throughout  a  route  system 
that  primarily  encompassed  Florida  and  the  north  central  United  States. 

In  1995,  Comair  established  a  Safety  Office.  Safety  Office  personnel  were 
responsible  for  ensuring  that  safety-related  information  was  disseminated  appropriately 
throughout  the  airline,  for  attending  Delta’s  Safety  Partner  meetings,  and  for  holding  safety 
meetings  for  Comair  personnel.  In  Comair’ s  chain  of  command,  the  Director  of  the  Safety  Office 
reported  to  Comair’ s  DO.  According  to  the  DO,  2  months  before  the  accident,  the  Director  of 
the  Safety  Office  was  promoted  to  Vice  President  of  Flight  Operations;  however,  at  the  time  of 
the  accident,  he  still  served  as  Director  of  the  Safety  Office  because  the  company  had  not  yet 
replaced  him  in  that  position. 

Comair’ s  DO  stated  that  when  the  accident  occurred,  Comair  was  transitioning  to 
a  two-airplane  fleet  (EMB-120  and  CL-65),  and  the  company  was  attempting  to  standardize 
procedures  across  airplanes. 

1.17.1.1  Comair’s  Pilot  Training 

Comair’ s  DO  stated  that  since  he  was  hired  by  Comair  in  February  1985,  the 
company  had  used  COMAIR  Aviation  Academy  to  screen  pilot  applicants  and  conduct  initial 
interviews."^  Pilots  who  passed  the  academy’s  initial  screen  became  part  of  a  “pool”  of 
applicants  available  to  the  airline.  New-hire  initial  training  (classroom,  simulator,  and  airplane) 
was  provided  by  Comair,  Inc.  instructors  at  COMAIR  Aviation  Academy.  Initial  operating 
experience  (lOE)  was  accomplished  by  Comair  Airlines  before  the  new  hire  becomes  a  flight  line 
pilot.  The  airline’s  primary  training  facilities  were  located  in  Cincinnati  and  Orlando  (the 
Aviation  Academy).  Comair’s  DO  reported  that  Comair  Airlines’  instructors  and  check  airmen 
provided  recurrent,  upgrade,  and  transition  pilot  training,  using  simulators  and  classrooms  at  the 
Aviation  Academy  and  other  facilities;  Comair’s  airplanes  were  used  for  all  in-airplane  flight 
training. 


Under  the  Delta  Connection  marketing  agreement,  Comair  operates  flights  under  the  DL  code, 
and  schedules  are  coordinated  for  more  efficient  connections. 

At  the  time  of  the  accident,  other  subsidiaries  of  COMAIR  Holdings,  Inc.,  included  COMAIR 
Aviation  Academy,  Comair  Aviation,  Comair  Aircraft,  Comair  Services,  Comair  Jet  Express,  and  Comair  Investment 
Company. 

COMAIR  Aviation  Academy’s  initial  screening  included  background  checks,  simulator 
evaluation,  written  tests,  and  the  academy  generated  a  pilot  candidate  profile  of  experience  and  aeronautical 
knowledge.  Although  the  academy  was  not  part  of  the  airline,  Comair  Airlines’  pilots  were  employed  as  instructors 
by  the  academy,  and  most  successful  pilot  applicants  were  placed  with  Comair  Airlines.  Occasionally  pilot 
candidates  were  placed  with  other  airlines,  including  Great  Lakes  Aviation  and  an  American  Eagle  carrier 
(unnamed). 
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According  to  Comair’s  manager  of  training,  Comair’s  captains  were  scheduled  to 
receive  another  line  check  6  months  after  they  were  assigned  to  flight  line  duty  (after  initial 
training).  One  year  after  their  initial  training,  Comair  captains  were  scheduled  for  annual 
recurrent  training  and  evaluation  under  a  single  visit  training  exemption.  Thus,  Comair 
captains  were  scheduled  to  receive  either  recurrent  training*^*  and  a  line  check  or  single  visit 
training  and  evaluation  at  6-month  intervals  every  year,  unless  an  upgrade  or  transition  to 
different  equipment  altered  the  schedule.  The  company  implemented  a  CRM  training  program 
for  pilots,  flight  attendants,  and  dispatchers  in  1992;  at  the  time  of  the  accident,  CRM  was  a 
required  portion  of  every  scheduled  training  exercise  (initial,  recurrent,  upgrade,  etc.).  Comair’s 
pilots,  flight  attendants,  and  dispatchers  received  CRM  training  separately  but  were  taught  by  the 
same  instructors — the  eight  facilitators  consisted  of  six  pilots  and  two  flight  attendants. 
According  to  Comair’s  training  manager,  the  company  uses  line-oriented  exercises  (LOE), 
videotapes,  and  teamwork  to  emphasize  dealing  with  problems  as  a  flightcrew. 


1.17.1.1.1  Stall/Unusual  Attitude  Recovery  Training 


As  a  result  of  the  ATR-72  accident  in  Roselawn,  Indiana,  Comair  management 
requested  that  its  EMB-120  training  department  develop  an  unusual  attitude,  or  “upset,”  training 
program.  According  to  Comair’s  training  manager,  the  unusual  attitude  training  had  since  been 
informally  incorporated  as  an  item  normally  accomplished  during  every  phase  of  Comair’s  pilot 
training  program  (initial,  upgrade,  transition,  and  recurrent);  it  included  classroom  and  simulator 
training  sessions,  but  it  was  not  a  testing  item.  At  the  time  of  the  accident,  unusual  attitude 
training  was  not  required  by  the  FAA,  and  Comair  did  not  have  a  formal  syllabus  for  this 
training;  however,  Comair’s  simulator  instructors  included  unusual  attitude  training  at  the  end  of 
most  recurrent  training  sessions.  The  captain  of  flight  3272  taught  unusual  attitude  recognition 
and  recovery  in  the  CL-65  when  he  was  a  CL-65  instructor.  As  previously  mentioned,  the  pilots 
of  Comair  flight  3272  received  CRM  and  EMB-120  unusual  attitude  training  during  their 
recurrent  training  in  September  1995. 

According  to  Comair’s  DO  and  EMB-120  Program  Manager,  the  upset  training 
was  considered  a  demonstration  and  familiarization  item.  Their  goal  was  to  help  flightcrews 
recognize  upset  situations  and  to  know  what  to  expect  and  how  to  respond  to  an  upset.  The 
Safety  Board  reviewed  Comair’s  upset/unusual  attitude  training,  which  included  cockpit 
familiarization,  system  demonstration,  and  airplane  characteristics.  The  training  addressed  the 
following  scenarios: 


Single  visit  training  is  an  exemption  that  allows  captains  to  be  trained  and  evaluated  at  12- 
month  intervals  (consistent  with  the  requirement  for  first  officer  training  and  evaluation),  instead  of  the  traditional  6- 
month  interval  captain’s  training.  Single  visit  training  exemptions  are  approved  by  the  FAA  and  facilitate  a 
transition  to  annualized  training  as  part  of  the  Advanced  Qualification  Program  for  flightcrew  training. 

According  to  Comair’s  EMB-120  recurrent  training  instructor  guide,  current  topics  and 
interoffice  memos  were  discussed  during  recurrent  training  ground  school.  The  Safety  Board’s  review  of  the  1996 
instructor  guide  revealed  that  several  Comair  interoffice  memos  were  issued  in  1995/1996;  however,  Comair’s 
December  8,  1995,  interoffice  memo,  entitled  “Winter  Operating  Tips,”  was  not  included  in  the  1996  instructor 
guide.  See  section  1.18.2.1  for  additional  information  regarding  Comair’s  December  8,  1995,  interoffice  memo. 
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•  Autopilot  limitation/modes 

•  Control  wheel  displacement 

•  Stall  series  to  stick  pusher  and  stick  shaker 

•  Unusual  attitudes 

•  Slow/fast  indicator  demonstration 

•  Yaw  demonstration  with  rapid  power  lever  advancement 

During  the  simulator  session,  pilots  were  instructed  to  attempt  to  roll  the 
simulator  to  get  the  attitude  indicator  in  an  unusual  presentation.  According  to  Comair 
instructors,  most  pilots  lost  about  1,000  feet  of  altitude  during  the  first  demonstration.  The 
demonstration  was  then  repeated,  with  the  instructor  stopping  (“freezing”)  the  simulator  at 
various  points  to  discuss  the  visual  cues  and  attitude  indications  that  occur  during  the  roll. 
According  to  the  instructors  and  pilots  interviewed,  Comair  emphasized  that  the  EADI  will 
always  contain  information  regarding  both  the  sky  and  the  ground,  even  in  the  most  extreme 
attitudes.  During  the  “stop  and  go”  roll  demonstration,  instructors  pointed  out  the  blue/brown 
(sky/ground)  indications  and  the  chevron  and  arrow  indications  on  the  EADI,  which  indicate  the 
“up”  direction  during  unusual  attitudes,  including  inverted  flight.  Further,  Comair  emphasized 
that  when  the  airplane  is  upside  down,  the  pilots  must  push  forward,  not  pull  back  on  the  control 
yoke. 


After  the  “stop  and  go”  roll  demonstration  and  discussion,  the  training  session 
continued  with  random  simulated  wake  turbulence-related  upset  events.  According  to  Comair’ s 
Chief  Flight  Instructor  (EMB-120),  “students  have  an  aversion  to  an  airplane  up-side-down”  and 
indicated  that  pilots  usually  tried  to  right  the  airplane  by  rolling  against  the  turn,  although  in 
some  cases  it  would  be  easier  to  continue  through  the  roll.  He  also  stated  that  “the  people  who 
do  the  best  are  the  ones  who  add  power.”  Another  EMB-120  instructor  reported  that  pilots  with 
previous  acrobatic  experience  usually  did  better  with  the  upset  training.  If  a  pilot  does  not 
satisfactorily  complete  the  upset  maneuver,  the  demonstration  is  continued  until  a  successful 
outcome  is  achieved. 


1.17.1.1.2  Winter  Weather  Operations/Icing  Training 

According  to  Comair’s  EMB-120  Program  Manager,  during  recurrent  training 
pilots  received  training  in  winter  weather  operations  that  includes  normal  icing,  SLD,  and  deicing 
procedures  at  CVG  and  outstations.  He  indicated  that  pilots  were  taught  to  be  attentive  to 
temperatures,  icing  forecasts/weather  reports/PIREPs  and  cues,  such  as  airspeed  degradation,  as 
well  as  visual  cues  to  recognize  potential  ice  buildup  on  the  aircraft  (such  as  ice  on  the  propeller 
spinner  or  cockpit  windscreen). 

The  EMB-120  Chief  Flight  Instructor  indicated  that  they  taught  winter  weather 
operations  in  accordance  with  the  FSM.  He  stated  they  “don’t  want  students  to  find  themselves 
in  icing  conditions  too  slow  and  using  autopilot.”  They  wanted  them  to  use  a  vertical  mode  that 
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gives  them  airspeed  protection  (IAS  mode).  In  the  event  that  they  were  in  severe  icing,  pilots 
were  instructed  to  turn  the  autopilot  off  immediately.  According  to  the  EMB-120  Chief  Flight 
Instructor,  the  only  speed  specified  for  icing  is  a  minimum  of  160  knots,  “recommended  to  be 
170  [knots].”  At  the  time  of  the  accident,  Comair’s  pilots  were  trained  to  activate  deicing  boots 
when  they  observed  between  *4  and  Vi  inch  of  ice  accumulation. 


1.17.1.2  Comair’s  Manuals 

Comair’s  manual  system  consisted  of  10  separate  manuals  that  contained  the 
policies  and  procedures  that  governed  the  operation  of  all  Comair  airplanes  and  all  Comair 
personnel — including  flightcrews,  flight  attendants,  dispatchers,  ground  service  personnel, 
maintenance  personnel,  and  station  personnel — and  all  Comair  equipment.  Although  the  Safety 
Board  examined  all  Comair  manuals  during  its  investigation,  this  report  focuses  on  Comair’s 
Operations  Manual  and  EMB-120  FSM.  The  Safety  Board  also  reviewed  Embraer’s  EMB-120 
Airplane  Flight  Manual  (AIM). 


1.17.1.2.1  Comair’s  Operations  Manual 

Comair’s  Operations  Manual  contained  guidance  regarding  the  company’s 
organization,  general  policies,  weather,  emergency  procedures,  hazardous  materials, 
maintenance,  and  weight  and  balance.  The  Operations  Manual  also  contained  Comair’s  FAA- 
approved  operations  specifications  and  Comair’s  OBs.*^^  In  accordance  with  Federal  regulations, 
the  operations  manual  stated,  “all  flight  crewmembers  must  carry  this  manual  [the  Operations 
Manual]  and  the  appropriate  Flight  Standards  Manual  when  performing  their  duties  as  a  flight 
crewmember.” 


In  accordance  with  FAA  Order  8400.10,  “Air  Transportation  Operations 
Inspector’s  Handbook,”  an  air  carrier’s  operations  manual  may  be  revised  by  the  company  as 
needed  without  prior  FAA  approval  (although  the  FAA  is  required  to  review  the  revisions  to 
ensure  compliance  with  regulations),  except  that  changes  to  the  company’s  operations 
specifications  require  prior  FAA  approval.  Comair  also  issued  temporary  revisions  to  the 
operations  manual,  which  were  to  be  retained  “until  notice  of  revision  or  cancellation.”  The 
Safety  Board’s  examination  of  the  manual  revealed  no  temporary  revisions  pertinent  to  the 
accident. 


Comair’s  EMB-120  recurrent  training  syllabus  defined  severe  icing  as  follows:  “The  rate  of 
accumulation  is  such  that  the  deicing/anti-icing  equipment  fails  to  control  the  hazard.  Immediate  flight  diversion  is 
necessary.”  The  training  syllabus  lists  the  following  items  under  the  heading  “Related  to  Severe  Icing:”  1)  results  in 
aerodynamic  degradation;  2)  high  drag,  dynamic  buffet,  premature  stall;  3)  freezing  drizzle  or  freezing  rain  can  be 
described  as  severe  if  it  exceeds  the  limit  of  the  ice  protection;  and  4)  SLD. 

The  Operations  Manual  stated  that  bulletins  were  issued  by  the  company  “to  aid  in 
communicating  important  information  to  all  flight  crews  when  dissemination  of  new/revised  policy  or  information  is 
necessary.” 
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1.17.1.2.2  Comair’s  EMB-120  Flight  Standards  Manual 

Comair’s  EMB-120  described  the  “various  normal,  abnormal  and 

emergency  procedures  to  be  followed  by  flight-crews  when  operating  the  EMB-120.”  The  EMB- 
120  FSM  contained  the  airplane’s  operational  limitations  (including  airspeeds),  performance 
information,  weight  and  balance/flight  planning  procedures,  the  minimum  equipment 
list/configuration  deviation  list  (MEL/CDL),  and  descriptions  of  all  checklists,  flight  training 
maneuvers,  instrument  approaches  and  procedures.  According  to  the  FSM,  procedures  outlined 
in  this  manual  are  intended  to  standardize  flight  operations  and  maximize  the  available  cockpit 
resources.” 


According  to  the  EMB-120  FSM,  revisions  to  its  content  were  developed  and 
issued  when  Comair  deemed  it  necessary  for  improved  flight  operations  and  standardization. 
FAA  flight  standards  personnel  (usually  the  principal  operations  inspector  [POI])  were  required 
to  review  and  approve  revisions,  and  sign  and  date  affected  pages,  before  they  were  issued  and 
implemented.  The  Safety  Board’s  review  of  the  FSM  revealed  that  at  the  time  of  the  accident, 
the  most  recent  revision  was  revision  8,  dated  January  1,  1996;  additionally,  the  FSM  contained 
EMB-120  FSBs  96-02  and  96-04,  which  addressed  severe  icing  conditions  and  winter  flying  tips, 
respectively.  The  FSBs  will  be  discussed  further  in  section  1.18.2.6. 


1.17.1.2.3  Embraer’s  EMB-120  Airplane  Flight  Manual 

The  EMB-120  AFM  was  prepared  by  Embraer  and  provided  to  EMB-120 
operators  (including  Comair).  The  contents  of  (and  revisions  to)  the  AFM  were  reviewed  by 
FAA  Aircraft  Certification  Office  (ACO)  personnel,  then  (in  accordance  with  international 
certification  procedures  and  at  the  FAA’s  request)  approved  by  the  Centro  Tecnico  Aeroespacial 
(CTA)  on  behalf  of  the  FAA.  (Additional  information  regarding  FAA  oversight  of  the  EMB-120 
AFM  is  included  in  section  1.17.2.1.2.)  The  EMB-120  AFM  contained  the  manufacturer’s 
guidance  regarding  operating  limitations,  emergency  and  abnormal  procedures,  normal 
procedures,  and  standard  and  supplemental  performance  information.  Unlike  the  operations 
manual  and  the  EMB-120  FSM,  Comair  pilots  were  not  issued  a  copy  of  the  EMB-120  AFM; 
rather,  copies  were  maintained  in  each  Comair  EMB-120  airplane. 

According  to  Embraer’s  Technical  Liaison,  when  revisions  to  the  EMB-120  AFM 
were  needed,  the  manufacturer  provided  the  proposed  revisions  to  the  FAA  and  CTA  for  review 
and  approval  and  to  all  operators  for  their  information.  Any  revisions  were  then  reviewed  by 
appropriate  ACO  and  Aircraft  Evaluation  Group  (AEG)  personnel;  when  the  FAA’s  reviewing 
personnel  were  satisfied  with  the  content  of  the  document,  they  requested  the  CTA  to  approve 
the  revisions  on  the  FAA’s  behalf.  Embraer  then  provided  Comair  and  other  EMB-120  operators 
with  copies  of  the  FAA  ACO-reviewed/CTA-approved  revisions  to  the  EMB-120  AFM,  with  the 
manufacturer’s  recommendation  that  the  EMB-120  operators  incorporate  the  revisions  into  the 
FAA-approved  FSM.  One  such  revision  was  issued  by  Embraer  on  April  23,  1996:  FAA- 


Flight  Standards  Manual  is  the  terminology  used  by  Comair  for  the  manual  that  fulfills  the 
FAA’s  company  flight  manual  (CFM)  requirement. 
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^e^iewed/CTA-app^oved  AFM  change  43*^*  contained  procedural  changes  pertaining  to  ice 
protection  system  activation  (leading  edge  deicing  “ON”  at  the  first  sign  of  ice  formation)  and  the 
use  of  flaps  while  operating  in  icing  conditions.  AFM  change  43  and  Comair’s  responses  to  the 
change  will  be  further  discussed  in  section  1.18.2.4  and  1.18.2.5,  respectively. 


1.17.2  FAA  Information — Oversight  Personnel 

FAA  oversight  responsibility  for  the  EMB-120  was  shared  by  FAA  certification 
personnel  from  the  AGO  in  Atlanta,  Georgia,  and  flight  standards  personnel  from  the  AEG  in 
Seattle,  Washington.  FAA  flight  standards  personnel  fi'om  the  flight  standards  district  office 
(FSDO)  in  Louisville,  Kentucky,  had  the  oversight  responsibility  for  Comair.  Section  1.17.2.1 
will  describe  the  oversight  responsibilities  of  personnel  fi'om  each  office,  with  emphasis  on 
oversight  of  the  manufacturer’s  AFM  and  the  operator’s  CFM,  and  coordination  of  information  in 
that  regard. 


1.17.2.1  AGO  and  AEG  Personnel  Oversight  Responsibilities 

According  to  FAA  personnel,  AGO  personnel  were  primarily  responsible  for  the 
review,  evaluation,  and  validation  of  test  data/information  pertaining  to  the  EMB-120  and  for 
determining  that  the  airplane,  its  systems,  and  its  documentation  and  manuals  complied  with 
Federal  requirements  before  approving  initial  certification.  Additionally,  AGO  personnel  were 
responsible  for  the  continuing  airworthiness  of  the  EMB-120  fleet  and  its  manuals.  AGO 
personnel  were  assisted  in  their  initial  and  continuing  airworthiness  responsibilities  by  AEG  and 
GTA  personnel.  FAA  records  indicate  that  engineers  from  the  AGO  and  AEG  participated  in  the 
EMB-120  initial  certification  reviews,  the  1996  SLD  icing  controllability  testing,  and  have  been 
involved  in  the  continuing  oversight  of  the  EMB-120  flight  manuals. 

According  to  FAA  Order  8000.5  (dated  February  1,  1982),  the  AEG  is  responsible 
for  providing  the  initial  operational  evaluation  of  airplanes  during  the  initial  certification  process, 
monitoring  the  fleet  service  history  of  airplanes  to  maintain  continuing  airworthiness,  performing 
operational  evaluations  of  airplanes,  maintaining  service  difficulty  reports  (SDRs),  and  evaluating 
supplemental  type  certificates  (STCs).  FAA  Order  8400.10  change  11,  dated  March  3,  1997, 
advises  flight  standards  inspectors  (including  POIs)  to  contact  the  AEG  office  for  assistance  and 
background  information  when  they  are  investigating  airplane  incidents  and/or  accidents. 


According  to  the  FAA  ACO’s  EMB  Program  Manager,  the  contents  of  the  then-proposed 
revision  43  to  the  EMB-120  AFM  were  discussed  and  agreed  upon  by  ACO  and  AEG  personnel  during  the  EMB- 
120  SLD  tanker  tests  conducted  in  December  1995.  FAA  records  indicate  that  the  FAA  provided  Embraer  with 
changes  to  the  proposed  AFM  revision  via  facsimile  (fax)  on  March  4,  1996.  Embraer  responded  on  March  15, 
1996,  stating  that  they  changed  the  proposed  AFM  revision  in  accordance  with  the  FAA’s  suggestions,  and  on 
April  17,  1996,  the  FAA  ACO’s  EMB  Program  Manager  sent  a  fax  to  Embraer  that  stated,  “[w]e  have  completed 
our  review  and  acceptance  of  proposed  Revision  43  to  the  EMB-120  AFM  which  incorporates  changes  for 
operation  in  icing  conditions.  We  ask  that  CTA  please  approve  this  revision  on  our  behalf” 
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1.17.2.1.1  FAA  Oversight  of  Comair’s  EMB-120  Flight  Standards  Manual 

According  to  FARs  121.141  and  91.9,  air  carrier  operators  must  maintain  a 
current  flight  manual  for  each  airplane  used  in  their  operations,  and  the  flight  manual  must  be 
available  to  the  flightcrew  during  flight  operations.  FAA  Order  8400.10  change  11,  states  that 
operators  may  use  the  approved  manufacturer’s  AFM  (commonly  used  with  small,  less  complex 
airplanes),  or  the  operator  may  develop,  obtain  approval  for,  and  use  a  CFM  or  equivalent 
manual.  The  latter  option  was  the  method  Comair  used  to  satisfy  the  regulatory  requirement. 
Comair  called  its  CFM  a  flight  standards  manual  (FSM). 

According  to  FAA  Order  8400.10  and  FAA  personnel,  the  POI  was  responsible 
for  reviewing  and  evaluating  the  “approved”*^®  and  “accepted”'^^  sections  of  an  operator’s 
CFM/FSM  to  ensure  compliance  with  existing  regulations  and  safe  operating  practices.  The 
“approved”  sections  include  the  procedures,  performance,  and  limitations  sections,  and  FAA 
Order  8400.10  contains  the  following  guidance  regarding  their  content: 

•  The  procedures  section  of  a  CFM  [FSM]  must  contain  all  procedures  required 
by  the  AFM... and  for  each  operation  the  operator  conducts.... the  operator 
must  include  sufficient  detail  to  allow  a  trained  crew  to  safely  and  effectively 
operate  the  aircraft.  The  procedures  section. .  .may  be  divided  into  subsections 
such  as  normal,  nonnormal,  and  emergency  procedures. 

•  The. .  .performance  data  in  a  CFM  [FSM]  must  contain  the  data  from  the  AFM 
and  instructions  on  how  to  use  that  data. 

•  The  limitations  section  of  a  CFM  [FSM]  must  be  clearly  identified  as  FAA 
approved. . . .must  contain  each  limitation. .  .contained  in  the  AFM. 

Additional  information  pertaining  to  procedures  is  located  in  section  2169  of  FAA 
Order  8400.10,  which  states  the  following,  in  part: 

POI’s  should  not  construe  procedures  published  in  an  AFM... to  be  the  only  or 
best  means  of  accomplishing  a  specific  objective.... Procedures  incorporated 
in  a  CFM  [FSM]  should  be  tailored  by  the  operator  to  accommodate  the 
operator’s  type  of  operation,  fleet  standardization  objectives,  and  cockpit 

management  objectives . POI’s  should  encourage  those  operators  that  do  not 

have  extensive  experience  in  developing  their  own  procedures  to  follow  the 
manufacturer’s  recommendations. 


FAA-approved  sections  of  an  operator’s  flight  manual  (limitations,  performance,  and 
procedures  sections)  are  specifically  reviewed  and  endorsed  (approved)  by  the  POI  for  that  operator’s  manual; 
however,  only  the  limitations  and  performance  sections  are  required  (by  the  FAA)  to  match  the  limitations  and 
performance  sections  of  the  FAA  (CTA)  approved  manufacturer’s  AFM.  The  procedures  section  of  the  operators’ 
manuals  includes  procedures  that  are  approved  by  the  POI  for  that  operator’s  flight  operations;  these  procedures  may 
differ  from  those  contained  in  the  manufacturer’s  AFM. 

FAA-accepted  sections  of  an  operator’s  flight  manual  are  generally  reviewed  by  the  POI  to 
ensure  compliance  with  FARs,  but  are  not  specifically  endorsed  by  the  FAA.  The  accepted  sections  of  a  manual  may 
contain  supplemental  information,  such  as  expanded  checklists  and  bulletins. 
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FAA  Order  8400.10  also  states  that  operators  may  modify  the  procedures 
contained  in  the  procedures  section  with  the  approval  of  the  POI  and  advises  inspectors  and  POIs 
to  “be  alert  to  deficiencies  in  the  operator’s  manuals  and  procedures  and  for  conflicts  between 
company  manuals  and  the  [manufacturer’s]  AFM.” 

The  “accepted”  sections  of  a  CFM/FSM  may  contain  supplemental  information, 
such  as  airplane/systems  descriptions,  an  expanded  explanation  of  procedures,  special  policies, 
and  other  topics  pertinent  to  operation  of  the  airplane.  Although  the  information  contained  in  the 
accepted  sections  of  a  CFM/FSM  does  not  have  to  conform  with  the  AFM,  FAA  Order  8400.10 
states  that  POIs  should  ensure  that  the  CFM/FSM  contains  sufficient  guidance/explanation  to 
allow  flightcrews  to  operate  that  airplane  t5^e  safely.  During  postaccident  interviews,  the 
Comair  POI  stated  that  when  the  accident  occurred,  Comair’s  EMB-120  FSM  had  recently  (in 
January  1996)  undergone  a  major  revision  as  part  of  Comair’s  attempt  to  standardize  checklists 
and  other  items  across  its  fleet. 

According  to  Embraer’s  records,  the  FAA  POI  assigned  to  Comair  received  a 
copy  of  AFM  revision  43  from  Embraer  on  June  10,  1996;*^*  the  POI  stated  that  it  was  his 
practice  to  pass  AFM  revisions  to  the  assistant  POI  (APOI)  to  be  incorporated  into  the  FAA’s 
copy  of  the  EMB-120  AFM.  At  the  time  of  the  accident,  the  POI  assigned  to  Comair  had  not 
required  the  company  to  incorporate  revision  43  to  the  AFM  into  its  FSM  and  procedures. 
During  postaccident  interviews,  the  POI  stated  that  he  was  not  aware  that  OB  120-002/96  existed 
until  after  the  accident  and  thus  was  not  aware  of  the  rationale  behind  revision  43  to  the  EMB- 
120  AFM;'^^  he  indicated  that  if  Comair  had  approached  him  to  incorporate  AFM  revision  43 
into  its  FSM  before  the  accident,  he  probably  would  have  sought  background  information  and 
documentation  before  approving  the  revision.  (Comair  had  received  revision  43  to  the  EMB-120 
AFM  and  Embraer’s  OB  No.  120-002/96,  which  contained  supporting  documentation  for 
revision  43.  Comair  personnel  had  been  involved  in  the  discussions  with  Embraer  and  other 
EMB-120  operators  regarding  those  documents,  but  the  company  did  not  discuss  OB  120-002/96 
or  the  content  or  validity  of  revision  43  with  the  POI  before  the  accident.) 


1.17.2.1.2  FAA  Oversight  of  Embraer’s  EMB-120  Airplane  Flight  Manual 

According  to  FAA  Order  8400.10,  proposed  APMs  “are  reviewed  by  a  flight 
manual  review  board  (FMRB)  and,  based  on  the  FMRB’s  recommendation,”  are  approved  by  an 
ACO  when  the  aircraft  is  certificated.  The  FMRB  was  a  team  composed  of  ACO  engineers  from 
each  discipline  (i.e.,  flight  test,  propulsion,  mechanical  systems,  etc.)  and  chaired  by  the  FAA 
project  test  pilot.  FAA  Order  8400.10  stated  that  the  FMRB  team  was  formed  at  the  beginning  of 


Embraer  routinely  distributes  EMB-120  AFM  revisions  to  all  EMB-120  operators  and  to  other 
interested  parties  as  requested.  According  to  Embraer,  Comair’s  POI  had  requested  that  he  be  sent  copies  of  all 
revisions  to  the  AFM. 

ACO  and  AEG  personnel  were  involved  in  a  review  of  previous  EMB-120  incidents  and  the 
EMB-120  SLD  icing  controllability  tests  that  occurred  in  the  fall/winter  of  1995.  Information  from  these  activities 
was  summarized  in  Embraer’s  OB  No.  120-002/96,  which  was  disseminated  to  all  EMB-120  operators  in  early  April 
1996  and  which  Embraer  considered  justification  for  revision  43  to  the  EMB-120  AFM  (issued  in  late  April  1996). 
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a  type  certification  project  to  provide  guidance  for  the  development  of  the  AFM  and  later  to 
review  revisions  to  the  AFM. 

During  the  investigation,  the  Safety  Board  received  information  that  described  the 
FAA’s  current  procedures  and  division  of  responsibilities  pertaining  to  certification  of 
manufacturers’  and  operators’  manuals  and  oversight  of  those  manuals  (including  revisions)  from 
the  following  sources:  1)  a  memorandum  (memo)  from  the  FAA’s  Director  of  Accident 
Investigation  (AAI-1)‘^°  to  the  Safety  Board  regarding  FAA  responsibilities  and  procedures  for 
certification  of  manufacturers’  and  operators’  manuals  and  oversight  of  those  manuals  (including 
revisions),  and  2)  FAA  personnel’s  responses  to  questions  asked  during  a  meeting  held  at  the 
Safety  Board’s  Washington,  D.C.,  headquarters  on  August  20,  1997.  Both  sources  of 
information  described  some  initial  certification  and  continuing  airworthiness  oversight 
procedures  that  differed  from  those  described  in  FAA  Order  8400.10.  (A  copy  of  the  FAA  memo 
is  included  in  appendix  I.) 

During  the  August  20  meeting,  FAA  personnel  stated  that  because  the  AEG  had 
become  more  established,  since  1991  the  FAA  had  “moved  away”  from  the  formal  FMRB 
process.  At  the  time  of  the  accident,  the  FAA  used  a  less  formal  process  that  required 
information  and  revisions  to  be  reviewed  and  initialed  by  each  pertinent  AGO  and/or  AEG 
specialist.  The  FAA  memo  stated  that  although  the  term  “FMRB”  is  no  longer  used,  “the  same 
principle  is  applied  today  by  coordinating  AFM’s,  and  revisions  thereto,  among  the  AGO 
engineering  specialties  branches  prior  to  [final]  approval  signature.  Revision  43  to  the  EMB-120 
AFM  would  have  been  subjected  to  this  current  practice,  which  mimics  the  role  of  the  FMRB. 
[However,  a]ny  changes  made  to  an  operator’s  GFM  [FSM]  would  not  be  subjected  to... the 
system  that  has  replaced  the  FMRB  in  the  AGOs.” 

According  to  FAA  personnel,  the  oversight  responsibilities  for  Embraer’s  EMB- 
120  AFM  was  shared  by  FAA  offices  and  the  Brazilian  airworthiness  authority  (GTA).  The 
AGO  had  the  responsibility  for  reviewing,  evaluating,  and  appro ving/authorizing  foreign 
airworthiness  authority  approval  of  Embraer’s  EMB-120  AFM  for  initial  aircraft  certification  and 
subsequent  revisions  to  the  AFM. 

The  FAA’s  memo  stated  that  a  manufacturer  desiring  to  issue  a  revision  to  the 
AFM  was  responsible  for  providing  the  revision  to  certification  personnel  for  review  and 
approval.  The  memo  further  stated  that  AGO  personnel  “will  coordinate  the  subject  revisions 
with  the  cognizant  AGO  technical  branches  or  specialists,  the  AEG,  and  the  appropriate  FAA 
Flight  Standards  office.  Once  approved,  the  manufacturers  distribute  the  AFM  revisions  to 
operators  and  other  interested  parties.”  The  FAA’s  memo  continued,  stating,  “[tjhere  are  no 
established  procedures  mandated  to  communicate  to  an  operator’s  POI  that  a  revision  to  an  AFM 
has  been  approved.  A  manufacturer  will  distribute  AFM  revisions  to  the  affected  airplane 


The  memo  was  prepared  and  signed  by  the  Acting  Director  of  the  FAA’s  Flight  Standards 
Service  (AFS-1)  and  the  Director  of  the  FAA’s  Aircraft  Certification  Service  (AIR-1)  and  was  dated  October  1, 
1997. 
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model’s  owners  who  in  turn  typically  supply  that  revision  to  the  POI*^*....Any  coordination  of 
approved  ‘AFM  revisions’  by  the  responsible  AGO  with  FAA  operations  personnel  will  be  done 
on  a  discretionary  basis.”  (During  a  June  1998  meeting,  the  FAA’s  Director  of  Aircraft 
Certification  Service  stated  that  AFM  revisions  are  routed  through  the  AGO  Project  Manager, 
who  coordinates  with  the  AGO  Flight  Test  Manager;  if  the  AGO  personnel  involved  did  not 
perceive  any  significant  issues,  no  further  communication  took  place  and  flight  standards 
personnel  were  never  specifically  consulted  or  informed.) 

The  FAA’s  October  1997  memo  further  stated,  “FAA  Order  8400. 10... prescribes 
the  information  to  be  contained  in  the  [FSM],  ‘[t]he  procedures  section  of  a  [FSM]  must  contain 
all  procedures  required  by  the  AFM... and  for  each  operation  the  operator  conducts.’  Since  in 
some  cases  a  POI  may  not  be  aware  of  an  AFM  revision...,  unless  it  is  supplied  by  the  operator, 
that  POI  will  obviously  not  have  control  over  maintaining  the  equality  of  the  AFM  and  [FSM] 
procedures.”  The  memo  further  stated,  “[I]n  order  to  assure  that  AFM  or  [FSM]  procedures  are 
changed,  an. .  .AD  mandating  that  specific  text  be  a  part  of  the  AFM/[FSM]  or  that  specific,  dated 
revision  be  incorporated,  must  be  issued.  AD’s  are  only  issued  in  instances  where  the  AFM 
changes  are  considered  to  be  significant  enough  to  warrant  retroactive  application  to  all  aircraft.” 


1.17.2.1.3  FAA  Flight  Standards  Office  Oversight  of  Comair — Additional  Information 

Until  about  1  month  before  the  accident,  the  Lx)uisville,  Kentucky,  FSDO  staffing 
for  the  operational  oversight  of  Gomair  consisted  of  the  POI  and  the  APOI.  About  30  days 
before  the  accident,  two  aircrew  program  manager  (APM)  positions  were  created — one  for  the 
EMB-120  and  one  for  the  GL-65.  The  (former)  APOI  was  selected  to  fill  the  EMB-120  APM 
position;  at  the  time  of  the  accident,  the  APOI  position  was  vacant. 

The  POI  was  hired  by  the  FAA  in  1987  and  had  been  POI  for  Gomair  for  7  years 
at  the  time  of  the  accident.  He  held  t)q)e  ratings  in  the  EMB-120,  the  GL-65,  and  the  Saab  SF- 
340.  The  POI  stated  that  he  had  about  10,000  total  flight  hours,  including  less  than  50  hours  in 
the  EMB-120.  He  reported  that  managing  the  Gomair  certificate  was  a  full-time  job  for  him  and 
the  APOI;  neither  inspector  was  assigned  duties  unrelated  to  the  Gomair  certificate.  He  stated 
that  he  was  uncertain  when  or  if  the  APOI  position  would  be  refilled. 

According  to  the  POI  and  Gomair  personnel,  the  relationship  between  the  FAA 
and  Gomair  was  professional,  cordial,  and  businesslike.  He  stated  that  Gomair’ s  management 
was  very  stable  and  receptive  to  the  FAA’s  recommendations  and  that  communications  were 
open  and  direct  between  Gomair  personnel  and  the  FAA.  He  reported  that  in  October  1995,  the 
FAA  conducted  a  national  aviation  safety  inspection  program  (NASIP)  inspection  of  Gomair,  and 
“only  3  or  4  minor  findings  were  reported;”  he  indicated  that  it  had  been  several  years  since  a 
violation  had  been  written  against  Gomair. 


Although  the  memo  indicated  that  POIs  normally  received  revisions  to  the  AFM  and  associated 
manufacturers’  OBs  from  the  airplane  operators,  Embraer  indicated  that  Comair’s  POI  was  on  its  distribution  list, 
and  received  AFM  revisions  directly  from  the  manufacturer. 
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When  he  was  asked  about  Comair’s  unusual  attitude  training,  the  POI  stated  that 
he  had  mixed  opinions  on  the  subject.  He  stated  that  the  benefit  of  the  unusual  attitude  training 
was  that  it  familiarized  pilots  with  the  visual  cues  they  would  encounter  in  a  variety  of  airplane 
attitudes  and  emphasized  the  proper  recovery  techniques  for  those  situations;  the  purpose  of  the 
familiarization  was  to  better  prepare  pilots  to  recover  from  an  in-flight  upset  or  unusual  attitude. 
However,  the  POI  pointed  out  that  the  simulator  was  neither  designed  nor  certificated  for  unusual 
attitude  encounters;  further,  he  stated  that  the  simulator  could  not  duplicate  the  forces  caused  by 
gravity  and  inertia  that  would  be  experienced  by  a  flightcrew  performing  unusual  attitudes  in  an 
airplane.  Despite  this,  the  POI  considered  Comair’s  training  in  stall  recovery  and  unusual 
attitudes  to  be  satisfactory. 


1.17.2.2  Previously  Identified  Deficiencies  in  FAA  Organizational 

Structure  and  Staffing 

In  the  Safety  Board’s  report  regarding  the  ATR-72  accident  near  Roselawn, 
Indiana,  the  Board  noted  that  following  a  1988  icing-related  ATR-42  incident  at  Mosinee, 
Wisconsin,  the  FAA  became  aware  that  the  ATR-42  was  susceptible  to  aileron  hinge  moment 
reversals  in  SLD  icing  conditions.  At  that  time,  the  FAA  recommended  the  installation  of  vortex 
generators,  believing  that  this  would  correct  the  aileron  anomaly.  In  a  briefing  paper  dated 
March  25,  1989,  the  manager  of  the  Seattle  AEG  expressed  concern  about  10  icing-related  ATR 
incidents  that  he  believed  warranted  further  study,  to  include  flight  tests  with  irregular  icing 
shapes  “...emulating  ‘runback’  [ice].”  There  was  no  evidence  of  a  formal  FAA  response  to  the 
concerns  raised  by  the  AEG  manager;  however,  in  1991,  the  FAA  led  a  team  in  developing 
information  regarding  incidents/accidents  that  have  been  attributed  to  tailplane  icing;  this  team 
was  also  involved  in  discussions  regarding  SLD  icing  conditions.  ATR  icing-related  incidents 
continued  to  occur.  In  1992,  ATR  published  an  All  Weather  Operations  brochure,  and,  in  1993 
and  1994,  ATR  incidents  occurred  in  Newark,  New  Jersey,  and  Burlington,  Massachusetts, 
respectively;  yet,  the  FAA  did  not  take  any  further  action  to  remedy  the  icing-related  problems. 
The  Safety  Board  concluded  that  “the  FAA’s  failure... to  require  additional  actions  be  taken  to 
alert  operators  and  pilots  to  the  specific  icing-related  problems  affecting  the  ATRs,  and  to  require 
action  by  the  manufacturer  to  remedy  the  airplane’s  propensity  for  aileron  hinge  moment 
reversals  in  certain  icing  conditions,  contributed  to  this  accident.”  Further,  the  Safety  Board 
noted  that  “this  is  not  the  first  time  that  the  Safety  Board  has  identified  problems  with  the 
timeliness  and  effectiveness  of  the  FAA’s  continuing  airworthiness  oversight  of  foreign-built 
aircraft,”  citing  conclusions  from  the  Board’s  1987  Construcciones  Aeronauticas,  S/A  (CASA) 
C-212-CC  accident  report. 

Additionally,  in  its  report  on  the  ATR-72  accident  near  Roselawn,  Indiana,  the 
Safety  Board  cited  the  1993  General  Accounting  Office  (GAO)  report  132  entitled  “Aircraft 
Certification,  New  FAA  Approach  Needed  to  Meet  Challenges  of  Advanced  Technology.”  The 
GAO  report  stated  the  following,  in  part: 


U.S.  General  Accounting  Office.  1993.  Report  to  the  Chairman,  Subcommittee  on  Aviation, 
Committee  on  Public  Works  and  Transportation,  House  of  Representatives.  Aircraft  Certification,  New  FAA 
Approach  Needed  to  Meet  Challenges  of  Advanced  Technology.  September  1993.  Report  GAO/RCED-93-155. 
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The  FAA  has  not  ensured  that  its  staff  is  effectively  involved  in  a  certification 
process  that  delegates  the  vast  majority  of  responsibilities  to  aircraft 
manufacturers.  Despite  the  National  Academy  of  Sciences’  recommendation 
in  1980  that  the  FAA  develop  a  more  structured  role  in  the  certification 
process,  the  agency  has  increasingly  delegated  duties  to  manufacturers  without 
defining  such  a  role.... As  a  result,  FAA  staff  no  longer  conduct  all  of  such 
critical  activities  as  the  approval  of  test  plans  and  analyses  of  hypothetical 
failures  of  systems. . . . 

Under  the  direction  of  the  National  Academy  of  Sciences,  the  [“blue-ribbon” 
committee  to  assess  the  adequacy  of  the  FAA’s  certification  program]  reported 
in  1980  that  the  FAA’s  system  of  delegation  to  Designated  Engineering 
Representatives  (DERs)  was  sound,  in  part  because  the  FAA  reserved  most  of 
the  critical  activities... for  its  own  staff. The  report  warned  however,  that 
the  FAA’s  technical  competence  was  falling  far  behind  the  DERs. 

The  GAO  report  issued  several  recommendations  to  the  Secretary  of 
Transportation,  suggesting  that  the  FAA  “define  a  minimum  effective  role  for  the  agency  in  the 
certification  process  by  identifying  critical  activities  requiring  the  FAA’s  involvement  or 
oversight;  establish  guidance  and  the  necessary  level  and  quality  of  the  oversight  of  the 
designees;  and  develop  measures  through  which  a  staff  member’s  effectiveness  can  be 
evaluated.”  The  GAO  also  recommended  that  the  FAA  formally  examine  the  need  to  hire 
experts  in  areas  of  technological  advancement,  specifically  citing  the  area  of  icing,  as  follows: 

For  example,  according  to  the  certification  staff,  the  FAA  has  no  one  who  is 
maintaining  state-of-the-art  expertise  in  the  effects  of  ice  on  new  airplane 
designs,  as  the  relevant  position  in  the  program  has  been  vacant  since 
1987.... Because  the  position  has  not  been  filled  and  engineers  with  some 
expertise  in  this  area  are  retiring,  the  new  staff  are  falling  farther  behind  in 
understanding  the  principles  and  effects  of  ice. 

The  GAO  recommended  that  the  Secretary  of  Transportation  direct  the  FAA 
Administrator  to  formally  examine  the  need  to  hire  NRSs  in  areas  of  technological  advancement 
over  the  preceding  14  years  and  to  require  NRS  involvement  early  in  the  certification  process  and 
at  other  key  certification  junctures.  The  FAA  responded  that  it  periodically  assesses  its  NRS 
program.  Subsequently  (in  winter  1996/1997),  the  FAA  hired  its  current  Environmental  Icing 
NRS. 


Further,  during  its  investigation  of  the  ATR-72  accident  near  Roselawn,  Indiana, 
the  Safety  Board  observed  deficiencies  in  the  FAA’s  organizational  structure  and 
communications  system  that  resulted  in  AEG  personnel  not  receiving  pertinent  information 
regarding  domestic-  and  foreign-manufactured  aircraft.  The  Board’s  report  concluded  that  the 


Improving  Aircraft  Safety:  FAA  Certification  of  Commercial  Passenger  Aircraft,  National 
Academy  of  Sciences,  National  Research  Council,  Committee  on  FAA  Airworthiness  Certification  Procedures  (June 
1980). 
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inadequately  defined  lines  of  communication  and  the  inadequate  means  for  retrieval  of 
information  prevented  effective  monitoring  of  the  continuing  airworthiness  of  the  ATR-72,  and 
stated  the  following,  in  part: 

This  deficiency  in  communication  resulted  in  the  AEG’s  failure  to  receive 
pertinent  documentation... that  could  have  been  used  to  monitor  the  continued 
airworthiness  of  the  airplane.  Further,  this  is  not  the  first  time  that  the  Safety 
Board  has  identified  problems  with  the  timeliness  and  effectiveness  of  the 
FAA’s  continuing  airworthiness  oversight  of  foreign-built  aircraft.  The  Safety 
Board  noted  in  its  1987  report  on  the  crash  of  a  CASA  C-212-CC...that  there 
“was  an  apparent  lack  of  standardization  and  coordination”  among  various 
offices  within  the  FA  A. 

As  a  result  of  the  noted  deficiencies  in  the  FAA’s  monitoring  and  communication 
of  in-service  fleet  history,  the  Safety  Board  issued  Safety  Recommendation  A-96-062  with  the 
Roselawn  accident  report,  recommending  that  the  FAA  do  the  following: 

Develop  an  organizational  structure  and  a  communications  system  that  will 
enable  the  aircraft  evaluation  group  (AEG)  to  obtain  and  record  all  domestic 
and  foreign  aircraft  and  parts/systems  manufacturers’  reports  and  analyses 
concerning  incidents  and  accidents  involving  aircraft  types  operated  in  the 
United  States,  and  ensure  that  the  information  is  collected  in  a  timely  manner 
for  effective. .  .monitoring  of  the  continued  airworthiness  of  aircraft. 

In  response  to  the  recommendation,  on  April  30,  1997,  FAA  and  Safety  Board 
staff  had  a  meeting  at  which  they  discussed  the  respective  roles  of  the  various  FAA  offices 
regarding  effective  communications,  monitoring  continuing  airworthiness,  and  the  specific 
problems  observed  by  the  Board  during  the  Roselawn  investigation.  Based  on  discussions  at  the 
meeting,  the  FAA  agreed  that  it  would  review  its  then  current  organizational  structure  and 
processes  regarding  communications  and  monitoring  the  continuing  airworthiness  of  aircraft.  In 
its  August  20,  1997,  letter,  the  Safety  Board  agreed  that  if  upon  completion  of  the  FAA’s  review, 
the  FAA  could  assure  the  Safety  Board  that  it  had  remedied  any  deficiencies,  the  safety 
recommendation  could  be  closed  in  an  acceptable  status.  On  August  20,  1997,  the  Safety  Board 
classified  Safety  Recommendation  A-96-062  “Open— Acceptable  Response.”  Then,  on  February 
25,  1998,  the  FAA  responded  that  it  had  “initiated  positive  improvements  to  its  continued 
airworthiness  review  process”  and  had  taken  other  actions,  including  doubling  the 
Standardization  Branch  staff  and  instituting  a  new  database  to  track  foreign  airworthiness  matters 
more  closely.  Safety  Board  and  FAA  staff  met  several  times  on  this  issue.  In  the  interim,  the 
Safety  Board  has  received,  and  is  evaluating,  a  petition  for  reconsideration  from  the  Director 
General  de  1’ Aviation  Civile  (DGAC)  of  France,  which  bears  on  the  certification  of  the  ATR-72. 
Pending  the  outcome  of  the  evaluation.  Safety  Recommendation  A-96-062  remains  classified 
“Open — Acceptable  Response.” 


See  National  Transportation  Safety  Board.  1988,  Fischer  Bros.  Aviation,  Inc.,  dba  Northwest 
Airlink,  Flight  2268,  Construcciones  Aeronauticas,  S/A  (CASA)  C-212-CC,  Detroit  Metropolitan/Wayne  County 
Airport,  Romulus,  Michigan,  March  4,  1987.  Aircraft  Accident  Report  NTSB/AAR-88-08.  Washington,  DC. 


95 


According  to  the  FAA’s  October  1,  1997,  memo,  the  FAA  Aircraft  Certification 
Service  and  Flight  Standards  Service  “are  in  the  midst  of  a  special  project  to  review  AFM 
and... Operating  Manual  revision  processes,  including  the  level  of  review  and  approval  of  those 
revisions  and  the  lines  of  communication  between  certification  and  operations  specialists.  The 
final  report  and  recommendations  resulting  from  this  project  are  being  developed.”  On  June  11, 
1998,  FAA  management  personnel  advised  the  Safety  Board  that  they  had  completed  their 
review,  in  which  they  identified  inadequacies  in  the  FAA’s  internal  communications  procedures. 
The  FAA’s  Director  of  Aircraft  Certification  Services  stated  that  the  FAA  is  “committed  to 
making  changes,  [and  is]  putting  a  team  together”  to  establish  new  procedures  to  ensure  that 
information  is  shared  with  all  pertinent  personnel  in  all  branches  of  the  FAA. 

1.18  Additional  Information 


1.18.1  Aerodynamic  Effects  of  Rough  Ice  Accumulations  on  Airplanes’ 

Flight  Handling  Characteristics 

The  adverse  aerodynamic  effects  of  surface  roughness  have  been  known  to 
aerodyneimicists  and  engineers  since  the  late  1930s/early  1940s,  when  NACA  conducted  research 
(and  began  to  publish  reports  based  on  its  research)  related  to  the  lift  and  drag  characteristics  of 
airfoils  and  the  effects  of  surface  roughness  and  ice  accumulation.  For  example,  in  1933,  NACA 
published  its  technical  note  (TN)  457,  which  concluded  the  following,  in  part: 

[Tjests  on  airfoils... indicate  that  serious  adverse  effects  on  the  aerodynamic 
characteristics  are  caused  by  surface  roughnesses  so  small  that  they  may 
ordinarily  be  overlooked. 

The  airflow  over  the  leading  edge  of  an  airfoil  is  sensitive  to  both  the  location 
and  size  of  an  irregularity.... Irregularities  and  scratches  0.0002  [airfoil  chord] 
in  depth  and  not  more  than  0.016  [airfoil  chord]  distant  from  the  leading  edge 
were  found  to  be  sufficient  to  cause  measurable  adverse  effects. 

The  book  “Theory  of  Wing  Sections:  Including  a  Summary  of  Airfoil  Data,”  by 
Abbott  and  Von  Doenhoff  (first  published  in  1949  and  updated  in  1959)  contained  a  compilation 
of  the  NACA  data.  According  to  the  NACA  data  cited  in  this  book,  measurements  of  the  effects 
of  surface  irregularities  on  the  characteristics  of  wings  have  shown  that  the  stall  AOA  is 
particularly  sensitive  to  leading  edge  roughness  and  that  surface  roughness  results  in  substantial 
increases  in  drag.  The  standard  leading  edge  roughness  selected  by  NACA  (for  the  24  inch  chord 
airfoil  used  in  NACA’s  research)  consisted  of  0.01 1  inch  carborundum  grains  applied  to  cover  5 
to  10  percent  of  the  surface  extending  from  the  leading  edge  aft  to  8  percent  of  the  airfoil’s  chord 
on  both  upper  and  lower  surfaces.  This  standard  was  considered  “more  severe  than  that  caused 
by  usual  manufacturing  irregularities  or  deterioration  in  service,  but... less  severe  than  that  likely 
to  be  encountered  in  service  as  a  result  of  ice,  mud,  or  damage.” 

A  review  of  the  coefficient-of-lift  curves  for  numerous  airfoils  (with  various 
chords,  thicknesses,  cambers,  etc.)  revealed  that  surface  roughness  on  the  airfoils  reduced  the 
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stall  AOA  significantly'^^;  for  example,  the  curve  for  the  NACA  23012  airfoil  indicated  that 
standard  roughness  on  the  airfoil  resulted  in  a  decrease  in  stall  AOA  of  nearly  6°.  (The  23012 
airfoil  and  derivatives  of  it  are  commonly  used  in  modem  airplane  designs,  including  the  EMB- 
120,  the  ATR-42  and  -72,  the  Beech  King  Air  series  airplanes,  and  the  Mitsubishi  MU-2.)  The 
coefficient-of-lift  curves  for  several  representative  airfoils,  including  the  NACA  23012  airfoil, 
are  included  in  appendix  F. 

Based  on  the  research  information  that  existed  at  the  time,  in  the  late  1940s  and 
1950s,  the  Civil  Aeronautics  Board  (CAB — the  predecessor  to  the  FAA)  developed  icing 
certification  regulations,  standards,  and  criteria;  the  current  appendix  C  icing  envelope  was 
subsequently  published  on  August  25, 1955. 

Additional  information  regarding  the  hazards  of  small  amounts  of  surface 
roughness/ice  accumulation  has  become  available  through  continued  research  and  tests,  some  of 
which  were  conducted  as  a  result  of  icing-related  airplane  accidents  that  occurred  from  the  1960s 
to  the  present.  During  the  late  1960s  and  1970s  (and  later  in  the  1980s  and  early  1990s),  a  series 
of  accidents  involving  DC-9-10  series  airplanes'^^  made  the  aviation  industry  aware  of  the 
hazards  of  small  amounts  of  rough  ice  on  the  upper  wing  surface.  The  Safety  Board  found  that 
the  cause  of  each  of  these  accidents  was  related  to  an  attempt  to  take  off  with  small  amounts  of 
rough  ice  on  the  airfoil  that  prevented  the  wings  from  producing  the  normal  and  required  amount 
of  lift.  As  a  result  of  the  DC-9-10  series  airplane  accidents,  the  Deputy  Chief  Design  Engineer, 
DC-9  Program,  Douglas  Aircraft  Company,  began  collecting  data  regarding  the  effects  of  surface 
roughness  (caused  by  frost,  ice,  large  amounts  of  insect  debris,  badly  chipped  paint,  etc.)  on  stall 
AOA.'^^ 


In  January  1979,  a  technical  article  authored  by  Douglas’  design  engineer  stated 
that  “Most  flight  crew  members  are  aware  of  the  highly  adverse  aerodynamic  effects  of  large 
amounts  of  [ice],... the  irregular  shapes  that  can  form  on  the  leading  edge  during  an  icing 
encounter.  However,  what  is  not  so  popularly  know  is  that  seemingly  insignificant  amounts  of 
wing  surface  roughness”  could  significantly  degrade  an  airplane’s  performance.  The  article 
further  stated  the  following; 


The  roughness  did  not  affect  the  stall  AOA  for  the  NACA  00-series  airfoils  of  6  percent 
thickness  as  significantly  as  it  affected  the  stall  AOA  for  the  other  NACA  airfoils. 

See:  National  Transportation  Safety  Board.  1970.  Ozark  Airlines,  Inc.,  McDonnell  Douglas 
DC-9-15,  N947Z,  Sioux  City  Airport,  Sioux  City,  Iowa,  December  27,  1968.  Aircraft  Accident  Report  NTSB/AAR- 
70/20.  Washington,  DC;  National  Transportation  Safety  Board.  1979.  Trans  World  Airlines,  Flight  505, 
McDonnell  Douglas  DC-9-10,  Newark  International  Airport,  Newark,  New  Jersey,  November  27,  1978. 
Washington,  DC;  National  Transportation  Safety  Board.  Airborne  Express,  Flight  125,  McDonnell  Douglas  DC-9- 
15,  Philadelphia  International  Airport,  Philadelphia,  Pennsylvania,  February  5,  1985.  Washington,  DC;  National 
Transportation  Safety  Board.  1988.  Continental  Airlines,  Flight  1713,  McDonnell  Douglas  DC-9-14,  Stapleton 
International  Airport,  Denver,  Colorado,  November  15,  1987.  Aircraft  Accident  Report  NTSB/AAR-88/09. 
Washington,  DC;  and  National  Transportation  Safety  Board.  1991.  Ryan  International  Airlines,  DC-9-15,  N565PC, 
Cleveland-Hopkins  International  Airport,  Cleveland,  Ohio,  February  17,  1991.  Aircraft  Accident  Report 
NTSB/AAR-91/09.  Washington,  DC. 

Technical  documents  were  produced  by  R.  E.  Brumby,  then  Deputy  Chief  Design  Engineer  of 
Douglas  Aircraft  Company’s  DC-9  Program,  and  were  published  in  July  1970,  January  1979,  December  1982,  June 
1985,  January  1989,  and  April/May  1991. 
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[A]  flightcrew  may  be  called  upon  to  decide  if  a  particular  amount  of 
roughness  and  its  location  are  sufficient  to  significantly  degrade  the  aircraft’s 
flight  characteristics.  The  intent  of  this  article  is  to  assist  in  that  decision¬ 
making  by  providing  an  insight  into  the  effects  of  small  amounts  of  wing 
surface  roughness .... 

Most  aircraft  are  designed  for  the  stall  to  begin  inboard  [on  the  wing]  in  order 
to  maintain  lateral  control  as  long  as  possible,  and  to  achieve  satisfactory 
pitching  characteristics  throughout  the  stall.... 

The  effects  of  small  amounts  of  wing  surface  roughness  may  not  be 
particularly  noticeable  to  a  flightcrew  operating  within  the  normal  flight 
envelope.  Since  all  transport  aircraft  operating  speeds  have  some  margin 
above  the  actual  smooth  wing  stall  speeds,  the  roughness  effects  may  have 
only  decreased  that  margin.  For  example,  a  1.3 Vs  approach  speed  may  have 
had  margin  reduced  to  1.1  Vs,  leaving  little  actual  stall  margin  for 
maneuvering  or  gust  tolerance. 

The  article  concluded  the  following,  in  part: 

Accumulations  equivalent  to  medium  or  coarse  sandpaper  covering  the  full 
span  of  the  wing’s  leading  edge  can  cause  a  significant  increase  in  stall  speeds, 
leading  to  the  possibility  of  a  stall  prior  to  the  activation  of  stall  warning. 

Unsymmetrical  roughness  can  cause  wing  drop,  or  rolloff,  at  stall. 

Roughness  occurring  slightly  aft  of  the  leading  edge  on  the  wing’s  lower 
surface  will  have  little  effect  on  stall. 

Also  in  1979,  as  a  result  of  wind  tunnel  research  into  tailplane  icing  events, 
Trunov  and  Ingelman-Sundberg  published  a  report*^®  in  which  they  concluded,  “An  icing  layer 
which  has  a  relatively  small  effect  on  cruising  speed  can  have  a  large  effect  on  the  stall  speed.” 
They  further  concluded,  “a  roughness  band  on  the  leading  edge  with  a  roughness  height  only 
1/1300  of  the  chord,  reduced  the  maximum  lift  and  altered  the  elevator  hinge  moment 
dramatically,  almost  as  much  as  the  large  deposits  did.” 

Based  on  its  concerns  about  aircraft  operations  in  icing  conditions  and  the  varying 
consequences  that  ice  accretions  had  on  different  aircraft  types  following  a  series  of  icing-related 
accidents,  the  Safety  Board  conducted  a  special  study,  and  in  September  1981,  published  a  report 
entitled  “Aircraft  Icing  Avoidance  and  Protection.”’^^  The  Safety  Board’s  report  stated,  in  part, 
that  the  “icing  criteria  for  aircraft  certification  as  defined  in  14  CFR  Part  25  are  based  upon 
research  done  by  NASA  in  the...  1950’ s  with  the  transport  aircraft  of  that  period.  Although  the 

Wind  Tunnel  Investigations  of  the  Hazardous  Tail  Stall  Due  to  Icing,  by  M.  Ingelman- 
Sundberg  and  O.  K.  Trunov;  a  joint  report  from  the  Swedish-Soviet  Working  Group  on  Scientific-Technical 
Cooperation  in  the  Field  of  Flight  Safety,  Report  No.  JR-2,  1979. 

See  National  Transportation  Safety  Board.  1981.  Aircraft  Icing  Avoidance  and  Protection, 
September  9,  1981.  Safety  Report  NTSB-SR-81-1.  Washington,  DC. 


98 


results  of  this  research  and  the  ensuing  practices  and  regulations  that  came  out  of  it  are  still 
basically  valid,  there  have  been  changes  in  aircraft,  deicing/anti-icing  equipment,  and 
improvements  in  the  instruments  used  to  measure  atmospheric  icing  parameters.”  The  Board’s 
report  included  a  recommendation  that  the  FAA  review  the  icing  criteria  published  in  Part  25  “in 
light  of  both  recent  research  into  aircraft  ice  accretion... and  recent  developments  in  both  the 
design  and  use  of  aircraft”  and  expand  the  appendix  C  envelope  as  necessary.  (The  Safety 
Board’s  report  and  the  recommendations  it  contained  are  discussed  in  detail  in  section  1.18.4.) 

AC  20-117,  “Hazards  Following  Ground  Deicing  and  Ground  Operations  in 
Conditions  Conducive  to  Aircraft  Icing,”  was  issued  by  the  FAA  on  December  17,  1982,^'''^  and 
states  that  “misconceptions  exist  regarding  the  effect  of  slight  surface  roughness  caused  by  ice 
accumulations  on  aircraft  performance  and  flight  characteristics.”  The  AC  further  states,  in  part, 
the  following: 


Regulations  were  established  by  the  [CAB]  in  1950  prohibiting 
takeoff... when  frost,  snow,  or  ice  is  adhering  to  wings,  propellers,  or  control 
surfaces  of  the  aircraft.  These  regulations  remain  in  effect.... The  basis  of 
these  regulations,  which  are  commonly  referred  to  as  the  clean  aircraft 
concept,  is  known  degradation  of  aircraft  performance  and  changes  of  aircraft 
flight  characteristics  when  ice  formations  of  any  type  are  present.... Wind 
tunnel  and  flight  tests  indicate  that  ice,  frost,  or  snow  on  the  leading  edge  and 
upper  surface  of  a  wing,  having  a  thickness  and  surface  roughness  similar  to 
medium  or  coarse  sandpaper,  can  reduce  wing  lift  by  as  much  as  30  percent 
and  increase  drag  by  40  percent.  These  changes... will  significantly  increase 
stall  speed,  reduce  controllability  and  alter  aircraft  flight  characteristics.... 

...If  ice  formations  are  present,  other  than  those  considered  in  the  certification 
process,  the  airworthiness  of  the  aircraft  may  be  invalid  and  no  attempt  should 
be  made  to  fly  the  aircraft  until  it  has  been  restored  to  the  clean  [condition]. 

Appendix  3  to  AC  20-117,  entitled  “General  Information  Relating  to  Ground  and 
Flight  Operations  in  Conditions  Conducive  to  Aircraft  Icing,”  states,  “This  appendix  provides 
general  information  necessary  for  the  overall  understanding  of  these  hazards  and  includes  causes 
and  effects  of  ice  formations  (induced  on  the  ground  or  in  flight).”  The  appendix  further  states 
the  following: 


The  effects  that  inflight  or  ground  accreted  ice  formations  will  have  on  aircraft 
performance  and  flight  characteristics  are  many,  are  varied  and  are  highly 
dependent  upon  aircraft  design,  ice  surface  roughness,  ice  shape,  and  areas 
covered. 


AC  20-117  was  reissued  by  the  FAA  on  March  29,  1988.  According  to  a  notice  on  the  AC, 
“Recent  accidents  involving  large  transport  and  small  general  aviation  aircraft  have  prompted  the  Federal  Aviation 
Administration  to  re-distribute  AC  20-117.”  There  were  no  changes  to  the  text  of  the  AC. 
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Aircraft  that  are  certificated  for  flight  in  icing  conditions  are  equipped  with  ice 
protection  systems  to  reduce  the  adverse  effects  of  ice  formations,  either  by 
preventing  the  formation  of  ice  (anti-icing)  or  by  periodically  removing  ice 
(deicing).... Aircraft  so  certificated  have  been  demonstrated  to  be  capable  of 
safe  flight  with  ice  of  certain  shapes  adhering  to  critical  areas. 

Slight  surface  roughness  can  have  significant  effects  on  stall  speed  and  power 
required  to  achieve  or  sustain  flight.... Stall  angle-of-attack  will  decrease  and 
in  some  aircraft  stall  will  occur  prior  to  activation  of  stall  warning  devices.... 

Appendix  1  to  the  AC  contained  lists  of  FAA  and  other  related  publications  and 
materials,  several  of  which  were  dated  in  the  late  1960s  and  1970s. 

In  its  report  regarding  the  February  17,  1991,  accident  involving  a  Ryan 
International  Airlines  DC-9  that  crashed  on  takeoff  at  Cleveland-Hopkins  International  Airport  in 
Cleveland,  Ohio,  the  Safety  Board  cited  another  technical  paper  prepared  by  the  Deputy  Chief 
Design  Engineer,  DC-9  Program,  Douglas  Aircraft  Company,  entitled,  “The  Effect  of  Wing  Ice 
Contamination  on  Essential  Flight  Characteristics.”  This  paper  was  presented  in  1988  and  again 
(after  the  Ryan  accident)  in  1991.  The  technical  paper  stated  the  following,  in  part: 

Contamination  of  critical  aerodynamic  surfaces  by  ice,  frost,  and/or  snow  has 
been  identified  as  the  probable  cause  of  a  significant  number  of  aircraft 
accidents.  In  most  cases,  the  ice  contamination  has  not  been  large  ice 
accretions  on  the  leading  edges  or  thick  layers  of  adhering  snow  on  the  top  of 
the  wings.  Rather,  dangerous  reduction  in  stall  margins  and  handling  qualities 
can  occur  because  of  ice-related  roughness  equivalent  to  that  of  medium-grit 
sandpaper. 

The  most  predominant  adverse  effect  of  ice  contamination  is  on  the  lifting 
characteristics  of  the  wing.  It  may  be  recalled  that  wing  lift  coefficient  varies 
with  angle  of  attack.... Under  normal  conditions,  the  airflow  over  a  wing 
smoothly  follows  the  shape  of  the  wing.... At  some  fairly  high  angle  of  attack, 
the  airflow  begins  separating  from  the  wing,  causing  the  lift  curve  to  become 
nonlinear,  or  “break.” 

The  normal  variation  of  lift  with  angle  of  attack  can  be  significantly  altered  by 
ice  contamination.... reduce  the  maximum  lift  capability  of  the  wing,  and 
cause  the  wing  to  stall  at  a  lower  than  normal  angle  of  attack.... the 
increasingly  unsteady  airflow  over  the  wing  results  in  correspondingly 
degraded  lateral  stability,  requiring  larger  and  larger  control  wheel  inputs  to 
keep  the  aircraft  from  rolling  off. 

The  report  concluded  the  following: 

From  an  aerodynamic  viewpoint,  there  is  no  such  thing  as  “a  little  ice.”  Strict 
attention  should  be  focused  on  ensuring  that  critical  aircraft  surfaces  are 
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free  of  ice  contamination. 

Further,  as  a  result  of  the  DC-9  accident  at  Cleveland,  on  March  21,  1991, 
Douglas  issued  a  letter  to  DC-9  operators  describing  the  hazards  of  surface  roughness  ice 
accumulations.  This  letter  stated,  in  part,  “recent... data  for  slight  roughness  extending  aftward 
from  the  leading  edge  to  about  7-percent  chord  on  both  the  upper  and  lower  surfaces... can  cause 
lift  losses  similar  to  those  caused  by  a  fully  roughened  upper  surface.... We  hope  that  you  will 
make  the  contents  of  this  letter  widely  available  to  your  flight  crews,  ground  crews,  and  flight 
training  people.’'  Douglas’  letter  to  the  operators  included  a  list  of  20  related  articles  and 
publications,  the  earliest  of  which  was  dated  January  30,  1969. 

The  Safety  Board’s  report  regarding  the  Ryan  International  Airlines  accident  at 
Cleveland  stated,  “The  written  material,  industry  presentations,  and  operator  seminars  that  were 
offered  for  more  than  20  years  should  have  eliminated  any  operational  problem  with 
icing.... However,  similar  accidents  continue  to  occur.... no  real  understanding  of  the  significance 
of  the  problem  has  been  evident.... Accumulations  of  ice  as  thin  as  0.015  inch... can  reduce  the 
stall  angle  of  attack  below  stall  warning  activation.” 

As  a  result  of  the  series  of  DC-9  accidents,  several  other  technical  articles 
addressing  the  hazards  of  small  amounts  of  rough  ice  were  published  in  aviation  industry 
magazines  and  in  All  Operators  Letters  over  a  period  of  20  years.  Further,  the  subject  of  the 
aerodynamic  effects  of  rough  ice  was  addressed  at  numerous  aviation  industry  seminars  and 
conferences. 


Additionally,  from  the  late  1980s  through  the  1990s,  several  series  of  icing-related 
incidents  and  accidents  involving  turbopropeller-driven  airplanes  drew  attention  to  the  hazards  of 
operating  in  SLD  icing  conditions  and  runback  ice  accretions  (ATR-42/-72  incidents  and 
accidents,  including  Roselawn),  tailplane  ice  accretions  (BA-3100  accidents  at  Pasco, 
Washington,  and  Beckley,  West  Virginia),  and  (again)  thin,  rough  ice  accretions  (EMB-120 
incidents  and  accidents,  including  Comair  flight  3272  at  Monroe,  Michigan).  During  this  time, 
numerous  aviation  industry  icing-related  conferences  and  seminars  were  conducted,  and 
significant  icing-related  research  and  testing  occurred.  These  events  are  discussed  in  detail  in 
section  1.18. 


The  adverse  aerodynamic  effects  of  surface  roughness  (ice)  was  also  addressed  in 
a  1996  report  prepared  by  an  FAA  engineer,  entitled  “Pilots  Can  Minimize  the  Likelihood  of 
Roll  Upset  in  Severe  Icing.” In  this  report,  the  FAA  engineer  stated  that  “in  recent  years, 
reports  of  roll  excursions  associated  with  icing  appear  to  have  increased  in  frequency,  especially 
among  turbopropeller  airplanes  used  in  regional  airline  commuter  operations.”  The  report 


Flight  Safety  Foundation’s  Flight  Safety  Digest,  1996.  Pilots  Can  Minimize  the  Likelihood  of 
Roll  Upset  in  Severe  Icing,  by  John  P,  Dow,  Sr.,  Volume  15,  No.  1,  January  1996.  This  FAA  Aviation  Safety 
Engineer  (Small  Airplane  Directorate)  reviewed  and  evaluated  all  potential  icing-related  incidents  and  accidents 
after  the  Roselawn  accident;  this  article  and  the  January  26,  1996,  draft  memo  (addressed  in  section  1.18.2.3)  was 
the  result  of  his  review  and  evaluation  of  incidents  and  accidents  that  were  documented  at  the  time. 
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suggested  that  the  increase  may  be  the  result  of  the  increased  number  of  regional  operations,’"*^ 
exacerbated  by  the  conditions  in  which  the  turbopropeller-driven  airplanes  generally  operate — 
the  turbopropeller-driven  airplanes  typically  remain  at  lower  altitudes  for  longer  periods  of  time 
than  larger  jet  aircraft  and  thus  are  exposed  to  icing  conditions  for  a  greater  percentage  of  their 
flight  time. 


The  report  stated  that  different  airfoil  designs  are  more  sensitive  to  lift  loss  with 
ice  accretion  than  others  and  that  an  infinite  variety  of  shapes,  thicknesses,  and  textures  of  ice  can 
accrete  at  various  locations  on  an  airfoil.  According  to  the  report,  “[e]ach  ice  shape  essentially 
produces  a  new  airfoil  with  unique  lift,  drag,  stall  angles  and  pitching  moment  characteristics  that 
are  different  from  the  wing’s  own  airfoil,  and  from  other  ice  shapes.... Sometimes  the  difference 
in  ice  accretion  between  a  benign  shape  and  a  more  hazardous  shape  appears  insignificant.... Ice 
can  contribute  to  partial  or  total  wing  stall  followed  by  roll,  aileron  snatch  or  reduced  aileron 
effectiveness.” 


The  FAA  engineer’s  report  stated  that  to  further  complicate  the  ice 
accretion/effect  formula,  wings  are  typically  designed  with  a  different  airfoil  at  the  tip  than  at  the 
root;  the  wing  tip  is  often  thinner,  shorter  chordwise,  with  a  different  camber  relative  to  the  wing 
root  section.  However,  the  report  also  indicated  that  when  the  airfoil  started  to  accrete  ice,  the 
wing  tip  becomes  “a  more  efficient  ice  collector”  percentage-wise,  and  ice  accretion  there  has  a 
more  adverse  effect.  (According  to  the  report,  operating  at  lower  AOAs  in  icing  conditions  tends 
to  exacerbate  the  accretion  on  the  upper  wing  surface.) 


1.18.1.1  New  Technology  in  Ice  Detection/Protection  Systems 

The  FAA  engineer’s  report,  “Pilots  Can  Minimize  the  Likelihood  of  Roll  Upset  in 
Severe  Icing,”  also  cited  recent  advancements  in  ice  protection  systems,  including  a  high- 
pressure  pneumatic  system  that  uses  a  600  pounds  per  square  inch  (psi)  pulse  of  air  to  reliably 
clear  ice  of  as  little  as  0.02  inch  thickness.  Also,  electrothermal  systems  consisting  of  metal- 
coated  fibers  embedded  within  the  airframe’s  paint  system  and  combined 
electrothermal/conventional  pneumatic  boot  systems  are  being  tested.  Another  feature  of  the 
new  technologies  is  a  closed-loop  operation  in  which  a  detector  signals  that  ice  has  accreted,  and 
cycles  the  deice  system;  this  system  would  allow  independent  activation  of  deicing  boot  surfaces. 

During  the  November  1997  Airplane  Deicing  Boot  Ice  Bridging  Workshop  (which 
will  be  discussed  further  in  section  1.18.4.2),  B.F.  Goodrich  personnel  presented  information 
about  a  “SMARTboot”  ice  detection/alert  system  that  they  developed  in  response  to  tailplane 
icing  concerns.  (The  FAA  issued  STCs  in  June  1997,  and  the  system  is  currently  being  installed 
as  standard  equipment  on  Piper  Malibus/Malibu  Mirages.)  According  to  B.F.  Goodrich,  the 
system  will  perform  the  following  tasks: 


The  report  states,  “[I]n  1975,  the  total  number  of  annual  departures  for  all  U.S.  major  airlines 
was  4.74  million. .  .in  1994. . .,  the  regional  segment  alone  [had]  grown  to  4.6  million  annual  departures.” 
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•  Indicate  when  to  activate  the  system 

•  Confirm  deicer  inflation 

•  Verify  ice  removal 

•  Detect  any  residual  ice 

In  addition,  according  to  the  FAA’s  Environmental  Icing  NRS,  ATR  installed  a 
new  ice  detector  on  two  flight  test  and  seven  in-service  ATR-72s,  at  5  percent  and  7  percent 
chord,  for  a  flight  test  period  that  continued  for  about  1  year,  and  ended  in  spring  1997.  The  new 
ice  detector  was  designed  to  sense  ice  accretion  behind  the  extended  deicing  boots.  According  to 
the  FAA’s  Environmental  Icing  NRS,  the  results  of  the  initial  tests  indicated  that  the  detector 
configuration  was  inadequate  (two  confirmed  SLD  encounters  were  undetected  by  the  system);  he 
indicated  that  ATR  would  continue  to  test  alternatives  to  that  system/configuration. 


1.18.2  Chronology  of  EMB-120  Icing-Related  Events  and  Information 

(Figure  13  is  a  chronology  of  EMB-120  icing-related  events/information.) 

1.18.2.1  Preaccident  EMB-120  Icing-Related  Events/Information 

At  the  time  of  the  accident,  the  Safety  Board  had  investigated  one  previous  EMB-120  icing- 
related  accident;*'*^  however,  a  review  of  the  FAA’s  accident/incident  and  NASA’s  Aviation 
Safety  Reporting  System  (ASRS)  databases  revealed  that  five  additional  EMB-120  icing-related 
events  were  reported  between  June  1989  and  the  day  of  the  Comair  flight  3272  accident.  The 
six  accidents/incidents  are  summarized  in  figure  14  and  are  described  in  the  following  text: 

•  In  April  1995,  near  Tallahassee,  Florida,  an  EMB-120  was  in  cruise  flight  at 
FL  250,  when  the  pilots  noticed  the  airspeed  decrease  from  180  KIAS  to  140 
KIAS,  pitch  increase  to  5°  nose  up,  with  only  trace  icing  observed  on  the 
leading  edge  of  the  wing.  They  activated  the  deice  boots;  the  airspeed 
subsequently  increased,  and  the  pitch  decreased. 


See  National  Transportation  Safety  Board.  1994.  Continental  Express,  Inc.,  Embraer  EMB- 
120RT,  N24706,  Pine  Bluff,  Arkansas,  April  29,  1993.  Aircraft  Accident  Report  NTSB/ AAR-94/02.  Washington, 
DC. 

For  additional  information  regarding  four  of  the  five  incidents,  see  ASRS  reports  115422, 
189745,  286127,  and  302910.  The  5*  incident  occurred  in  France  and  was  reported  to  Safety  Board  staff  during 
the  Safety  Board’s  investigation  of  the  ATR-72  accident  at  Roselawn,  Indiana. 
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Date  of  OccuiTcnce(s) 

Description  of  Occurrence(s) 

INI . II  1  — 

Series  of  (6)  EMB<  1 20  icing>related  upset  events. 

FillWinier  1995 

Embraer,  FAA,  and  CTA  personnel  conduct  EM6-120  SLD  icing 
controllability  tests. 

October  1995 

During  a  meeting  intended  to  discuss  the  EMB-120  SLD  icing 
controllability,  the  FAA  presented  information  about  the  previous  EMB- 
1 20  icing-related  upset  events. 

November  1995 

Embraer  presented  information  regarding  SLD  icing  controllability  tests 
and  icing-related  upset  events  at  EMB-120  Bightcrew  Awareness 

Seminar. 

December  1995 

Comair’s  EMB-120  Program  Manager  issued  an  inter-office  memo 
entitled  •‘Winter  Operating  Tips...”  to  all  EMB-120  flight  crewmembers. 

Also,  EMB-120  tanker  tests  were  conducted,  completing  the  SLD  icing 
controllability  tests  requested  by  the  FAA  as  a  result  of  the  ATR-72 
accident  at  Roselawn.  Indiana.  The  6  previous  EMB-120  upset  events 
were  discussed  again. 

January  26,  1996 

FAA  draft  memo  summarizing  and  analyzing  the  icing-related  upset 
events — minimal  distribution,  and  superceded  in  March  1997. 

April  12.  1996 

Embraer  distributed  Operational  Bulletin  No.  120-002/96  (suggesting 
activation  of  deicing  boots  at  first  sign  of  ice  accretion)  to  all  EMB-120 
operators  and  to  FAA  personnel  as  requested. 

April  23.  1996 

Embraer  issued  (FAA  and  CTA  approved)  Change  43  (recommending 
activation  of  deicing  bools  at  first  sign  of  ice  accretion)  to  its  Airplane 
Flight  Manual. 

May  7.  1996 

The  FAA  issued  AD  96-09-24  (SLD  icing  AD). 

July  2.  1996 

Comair  issued  EMB-120  Flight  Standards  Bulletin  No.  96-02,  "Severe 
Icing  Conditions.*’ 

October  18.  1996 

Comair  issued  EMB-120  Flight  Standards  Bulletin  No.  96-04,  “Winter 
Flying  Tips.” 

January  9. 1997 

Comair  flight  3272  crashed  near  Monroe,  Michigan. 

February  19.  1997 

FAA  provided  NTSB  with  a  copy  of  the  January  26.  1996  draft  memo 
summarizing  previous  EMB-120  upset  events. 

March  13.  1997 

FAA  conducts  briefing  regarding  previous  EMB-120  upset  evenu,  and 
presented  the  FAA*s  official  position. 

May  7. 1997 

FAA  issued  NPRM  97-NM-46-AD,  which  reflected  changes  consistent 
'  with  the  FAA  posidon  presented  in  March  1997. 

May  21. 1997 

NTSB  issued  Safety  Reconunendations  A-97-31  through  -34. 

Fall  1997 — ongoing 

FAA/UIUC  wind  tunnel  tests  with  artificial  sandpaper-type  ice  shapes. 

i  Also,  NTSB/NASA-Lewis  icing  tunnel  tests/research. 

November  18, 1997 

FAA  and  NASA  co-sponsored  the  Airplane  Deicing  Boot  Ice  Bridging 
Workshop. 

December  19.  1997 

FAA  issued  AD  97-26-06  (from  NPRM  97-NM-46-AD). 

Figure  13.— Chronology  of  EMB-120  icing-related  events/information. 
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•  On  October  16,  1994,  near  Elko,  Nevada,  an  EMB-120  was  in  cruise 
flight  at  13,000  feet  msl,  at  160  KIAS.  The  pilots  checked  for  ice  on 
the  wings  and  propeller  spinners  but  did  not  see  a  significant  amount; 
moments  later,  as  they  entered  a  right  bank  with  the  autopilot  engaged, 
the  stick  shaker  and  pusher  activated.  The  pilots  resumed  manual 
control  of  the  airplane  and  recovered.  Postflight  inspection  of  the 
aircraft  revealed  clear  ice  on  the  leading  edge  and  spinner.  The  deice 
boots  were  not  activated  during  the  flight  because  the  crew  did  not 
believe  the  ice  was  of  sufficient  thickness.  Review  of  the  FDR  data 
indicated  that  the  airplane’s  airspeed  had  decreased  to  138  KIAS 
before  stick  shaker  activation. 

•  On  April  23,  1993,  at  Pine  Bluff,  Arkansas,  while  climbing  on 
autopilot,  an  EMB-120  stalled,  experienced  an  upset  event  and 
subsequent  separation  of  propeller  blades.  FDR  data  indicated  that  the 
airplane’s  airspeed  had  decreased  to  138  knots  before  stick  shaker 
activation  and  autopilot  disconnect.  The  Safety  Board  concluded  that 
an  accretion  of  ice  on  the  wing  was  the  only  reasonable  explanation  for 
the  occurrence  of  stick  shaker  activation  and  subsequent  loss  of  roll 
control  at  higher  than  expected  airspeeds.  There  was  no  evidence  that 
any  ice  protection  systems  were  activated  before,  during,  or  after  the 
upset,  and  the  flightcrew  did  not  recall  seeing  evidence  of  icing  before 
the  loss  of  control. 

•  On  November  22,  1991,  in  Clermont-Ferrand,  France,  an  EMB-120 
was  in  an  autopilot-controlled  descent  when  the  captain  disconnected 
the  autopilot  manually  to  slow  the  descent,  stabilizing  the  aircraft  at 
4,500  feet.  FDR  data  indicated  that  the  airplane’s  airspeed  decreased 
to  150  KIAS,  the  stick  shaker  activated,  the  airplane  rolled  to  the  right 
and  lost  about  1,000  feet  of  altitude.  During  recovery,  the  engine 
power  was  increased  and  the  deice  boots  were  cycled  by  the  first 
officer.  Postflight  inspection  revealed  clear  ice  on  the  horizontal 
stabilizer,  wing  tips,  and  inboard  section  of  the  wing. 

•  In  September,  1991,  at  Fort  Smith,  Arkansas,  an  airplane*"^^  was  in 
level  flight  with  the  autopilot  engaged  at  19,000  feet  msl  when  the 
pilots  felt  vibration  through  the  floorboards.  The  pilots  inspected  the 
wings,  propeller  spinners,  and  engine  inlets  for  ice,  but  did  not  observe 
excessive  amounts  of  ice.  Thirty  seconds  after  the  first  vibration,  the 
stick  shaker  activated  and  the  captain  called  for  all  ice  protection 
equipment  on.  The  airplane  entered  a  right  bank,  nose-down  descent; 
the  pilots  regained  control  at  16,000  feet  msl. 


Although  the  type  of  airplane  was  not  specified  in  the  ASRS  report,  the  airplane  was  identified 
as  an  EMB-120  based  on  the  pilots’  description  of  the  airplane  and  its  systems;  according  to  the  FAA,  the  EMB-120 
is  the  only  low-wing,  T-tail  airplane  equipped  with  ice  protection  system  failure  lights. 
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•  On  June  28,  1989,  at  Klamath  Falls,  Oregon,  an  EMB-120  was 
operating  at  16,000  feet  msl  in  icing  and  turbulence  with  the  autopilot 
engaged.  When  the  airplane  descended  to  15,000  feet  msl,  the  pilots 
observed  light  mixed  rime  and  clear  ice,  followed  by  a  rapid  decrease 
in  airspeed  from  180  to  160  KIAS,  stick  shaker  activation,  and  an 
uncommanded  roll/upset.  The  pilots  resumed  manual  control  of  the 
airplane  and  applied  maximum  power;  they  restabilized  the  airplane  at 
12,000  feet  msl.  Both  pilots  reported  that  the  airplane  was  operating  in 
light  icing  conditions  when  the  upset  occurred.  (Although  the  pilots 
reported  light  icing,  ALPA’s  [Air  Line  Pilots  Association]  report  of 
this  incident  stated  that  a  United  Airlines  Boeing  727  flight  engineer 
occupying  seat  3C  in  the  cabin  described  the  icing  conditions  as 
“moderate”  and  indicated  that  up  to  1  inch  of  ice  may  have 
accumulated  on  the  wing  leading  edges.)  There  was  no  indication  in 
the  FDR  data  or  the  ASRS  report  that  any  ice  protection  equipment 
was  used. 

After  the  ATR-72  accident  near  Roselawn,  Indiana,  the  FAA  conducted  a  review 
of  in-service  accidents  and  incidents  involving  roll  axis  control  events  in  icing  conditions  and 
identified  about  50  events,  including  the  6  EMB-120  events  listed  above.  The  FAA  held  a 
meeting  (attended  by  FAA,  CTA,  ALPA,  Embraer,  and  Safety  Board  personnel,  and 
representatives  from  EMB-120  operators — including  Comair)  on  November  7,  1995,  to  discuss 
the  results  of  the  EMB-120  SLD  icing  controllability  tests  that  had  been  accomplished  at  the 
time.''^^  During  this  meeting,  the  FAA  gave  a  presentation  summarizing  the  six  previous  EMB- 
120  icing-related  events  and  discussed  possible  remedial  actions  with  all  involved  parties. 
According  to  FAA  personnel,  the  six  incidents  were  discussed  among  FAA,  CTA,  Embraer,  and 
Comair  personnel  at  numerous  subsequent  meetings,  including  Embraer’ s  Flightcrew  Awareness 
Seminar  (see  section  1.18.2.2)  and  during  the  SLD  icing  tanker  tests. 


1.18.2.2  EMB-120  Flightcrew  Awareness  Seminar — November  1995 

On  November  15,  1995,  Embraer  held  an  EMB-120  Flight  Crew  Awareness 
Seminar  for  EMB-120  operators  and  other  interested  parties,  during  which  the  six  events  and 
possible  remedial  actions  were  further  discussed.  The  stated  purpose  of  the  seminar  was  as 
follows: 

•  To  discuss  operation  of  the  EMB-120  in  icing  conditions. 

•  To  generate  recommendations  for  a  flightcrew  awareness  program  to  be 
implemented  by  EMB-120  operators. 

•  To  recommend  changes  or  additions  to  aircraft  publications  regarding 
operations  in  icing  conditions. 


As  previously  discussed,  during  EMB-120  tests  with  1-inch  quarter-round  ice  shapes,  the 
control  wheel  force  required  to  return  to  a  wings-level  condition  exceeded  the  maximum  control  wheel  force  allowed 
by  the  FAA  for  certification. 
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•  To  identify  any  specific  test  points  to  be  incorporated  in  the  icing  tanker  tests 
to  be  conducted  in  the  near  future. 

According  to  the  meeting  minutes,  the  seminar  attendees  included  three 
representatives  each  from  Embraer  and  Comair  (Comair  attendees  included  the  DO,  the  EMB- 
120  Program  Manager,  and  the  Assistant  Chief  Inspector)  and  one  representative  each  from  Mesa 
Airgroup,  ASA,  Skywest  Airlines,  and  the  FAA’s  Miami  Flight  Standards  Service.  The  meeting 
minutes  indicated  that  representatives  from  other  EMB-120  operators  (Great  Lakes  Aviation  and 
Continental  Express)  were  unable  to  attend  but  were  informed  of  the  meeting  issues  and 
recommendations . 

During  the  seminar,  Embraer  briefed  the  attendees  regarding  the  results  of  the 
quarter-round  artificial  ice  shape  controllability  testing  that  had  been  completed  at  that  time, 
described  the  planned  in-flight  tanker  tests  (which  took  place  in  December  1995),  and  conducted 
discussions  regarding  aircraft  characteristics,  aircraft  procedures,  and  FAA/ATC  topics, 
including  the  following:  aircraft  flight  characteristics  in  icing,  ice  recognition  and  monitoring, 
autopilot  characteristics  in  icing  conditions,  stall  warning  system  characteristics,  autopilot  modes 
of  operation/procedures,  approach  and  landing  in  icing  conditions  with  and  without  deice  system 
failures,  escape  procedures  for  SLD  icing  encounters,  and  identification  of  icing  conditions  in 
weather  reports  and  forecasts. 

Although  the  meeting  attendees  reported  that  in-service  experience  had  not 
revealed  any  specific  or  unique  problems  associated  with  the  operation  of  the  EMB-120  in  icing 
conditions,  the  group  did  discuss  the  previous  EMB-120  icing  events  (previously  discussed  in 
section  1.18.2.1).  The  meeting  attendees  noted  that  the  icing  events  demonstrated  crew 
awareness  and  procedural  issues  such  as  a  “lack  of  proper  monitoring  of  ice  formation,” 
“probable  failure  to  properly  operate  the  leading  edge  deicing  systems,”  “improper  use  of 
autopilot  modes,”  and  “failure  to  maintain  speed  in  a  turn  with  the  autopilot  engaged.” 

The  seminar  discussions  resulted  in  eight  recommendations  to  Embraer,  including 

the  following: 

•  Consider  the  effects  of  missing  vortex  generators  relative  to  ice  shapes  ahead 
of  the  ailerons  and  determine  if  testing  in  this  area  is  warranted. 

•  Make  the  following  changes  to  the  EMB-120  AFM:....add  notes  regarding 
airspeed  increases  in  icing  conditions  to  the  applicable  abnormal  procedures 
section. 

•  Produce  an  OB  to  address  operation  of  the  EMB-120  in  icing  conditions.  The 
group  recommended  that  the  OB  include  information  pertaining  to  the 
following:  identification  of  various  ice  t5q)es  and  unique  signatures  applicable 
to  the  EMB-120;  decreased  stall  margins  with  ice  on  the  aircraft;  temperature 
ranges  and  conditions  conducive  to  ice  formation;  autopilot  mode  usage; 
reconunended  airspeeds  for  all  phases  of  flight  in  icing  conditions;  proper 
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monitoring  of  icc  formation^  proper  operation  and  testing  of  the  deice  systems, 
and  stall  warning  system  operation  relative  to  operations  in  ice.  According  to 
the  meeting  minutes,  “[t]his  document  would  form  the  basis  for  operator  crew 
awareness  programs  and  would  be  distributed  through  current  communication 
channels.”  (Embraer  issued  OB  120-002/96  in  April  1996 — the  bulletin  will 
be  discussed  further  in  section  1.18.2.4.) 

•  Investigate  low  cost  visual  aids  that  would  help  pilots  identify  clear  ice  and 
gauge  the  thickness  of  ice  formation  during  night  operations. 

As  a  result  of  the  November  1995  meeting,  on  December  8,  1995,  Comair’s 
EMB-120  Program  Manager  issued  an  interoffice  memo,  entitled  “Winter  Operating  Tips 
Freezing  Rain/Drizzle,”  to  all  EMB- 120/SAAB  340  flight  crewmembers.  The  memo  advised  the 
pilots  that  routine  vigilance  and  proper  operation  of  ice  protection  systems  should  suffice  to 
safely  manage  flight  in  icing  conditions  that  fall  within  the  Part  25  appendix  C  envelope, 
however,  it  stated  “[t]here  have  been  incidents  of  EMB-120  aircraft  flown  by  other  carriers 
encountering  [icing]  conditions,  which  resulted  in  controllability  problems.... major 
factors...  were  lack  of  airspeed  control  (and  operation  of  the  autopilot  in  the  wrong  vertical  mode 
causing  airspeed  deviations);  [and]  failure  to  recognize  the  ice  accumulation  and  utilize  the 
installed  deicing  equipment.”  The  memo  listed  guidelines  for  operations  in  icing  conditions 
within  the  Part  25  appendix  C  envelope,  including  the  following: 

Autopilot  Use 

If  icing  conditions  are  experienced  or  residual  ice  is  present,  operate  the 
autopilot  in  the  IAS  mode  only  (climb).  The  IAS  mode  will  allow  the  aircraft 
to  descend  if  airspeed  cannot  be  maintained  at  the  present  power  setting. 
Other  autopilot  modes  will  allow  the  aircraft  to  slow  in  order  to  hold  the 
selected  mode,  or  may  not  give  the  necessary  stall  margin  required  for  residual 
ice  on  the  aircraft.  Monitor  power  settings  and  increase  as  necessary. 

Airspeed 

When  flying  in  icing  conditions,  do  not  fly  the  EMB-120  at  less  than  160 
KIAS....This  will  add  to  the  stall  margin  when  maneuvering  with  airframe 
ice.... Use  a  holding  speed  of  170  KIAS  when  residual  [inter-cycle]  airframe 
icing  is  suspected.  Monitor  airspeed  closely  when  in  icing  conditions, 
especially  in  turns. 

The  memo  concluded  that  the  problems  associated  with  operating  in  icing 
conditions  could  be  lessened  by  increased  crew  vigilance  and  adherence  to  the  recommended 
minimum  airspeeds  while  operating  in  icing  conditions.  According  to  Comair  s  POI,  when  the 
company  issued  an  interoffice  memo,  it  posted  the  memo  in  a  “pilot-read  binder  and  distributed 
copies  of  the  memo  to  all  pertinent  flight  crewmembers  via  office  mailboxes.  He  indicated  that 
the  company  typically  removed  interoffice  memos  from  the  book  after  30  days  and  that  there  was 
no  procedure  for  documenting  whether  all  pertinent  flight  crewmembers  had  read  the 
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memo.  The  POI  further  stated  that  if  Comair  deemed  the  contents  of  the  memo  significant 
enough,  the  company  could  issue  a  FSB,  or  formally  revise  its  FSM  to  reflect  that  information. 
However,  the  POI  indicated  that  Comair  tended  to  “manage  by  memo,”  which  he  found 
inadequate,  because  the  memos  were  only  posted  for  30  days,  and  there  was  “no  guarantee  that 
each  pilot  sees  the  memos.” 

The  Safety  Board’s  review  of  Comair’s  “Instructor  Guide  1996  EMB-120 
Recurrent  Ground  School”  revealed  that  the  document  included  several  interoffice  memos  that 
were  issued  in  1995  and  1996.  However,  the  December  8,  1995,  memo,  “Winter  Operating 
Tips”  was  not  included  in  the  instructor  guide. 


1.18.2.3  FAA  Draft  Memo  and  Subsequent  Actions 

Li  a  January  26,  1996,  FAA  draft  memo,  an  FAA  engineer  summarized  the 
incidents  and  his  observations  regarding  EMB-120  operations  in  icing  conditions.  The  memo 
stated  that  the  EMB-120  had  demonstrated  the  following: 

•  after  the  ATR-42/72  and  the  MU2B,  the  highest  number  of  reported  loss  of 
control  (not  including  tailplane)  events; 

•  unexpected  rapid  onset  of  unusually  high  drag  with  ice  accretion  visible  but 
not  considered  significant  enough  by  the  crew  to  warrant  operation  of  the 
deicing  boots; 

•  total  or  partial  wing  stall  resulting  in  roll  excursions  in  icing  conditions; 

•  that  the  160  KIAS  recommended  holding  speed  may  not  provide  adequate 
margin  above  stall  when  considering  maneuvering  loads,  turbulence  and  gust 
encounters  with  certain  kinds  of  ice  accretion; 

•  that  buffet  onset  with  certain  kinds  of  ice  accretion  may  not  be  present  in 
advance  of  stall  and  that  the  stcdl  protection  system  may  not  provide  sufficient 
margin  above  contaminated  wing  stall  for  certain  probable  icing  conditions; 

•  that  the  autopilot  design  features  (in  the  presence  of  the  above  conditions) 
apparently  do  not  provide  sufficient  characteristics  to  provide  time  for  the 
pilot  to  react,  as  claimed  by  the  manufacturer,  to  prevent  roll  upset; 

•  a  roll  characteristic  associated  with  ice  that  appears  to  be  caused  by  a  different 
mechanism  than  the  one  associated  with  the  Roselawn  ATR-72  accident;  but, 

•  a  similar  history  to  other  ATR-42/-72  events  insofar  as  the  EMB-120  airplane 
with  certain  kinds  of  ice  accretion  may  not  provide  an  adequate  stall  margin 
for  airline  pilots  of  average  alertness,  skill,  or  strength. 

The  author  of  this  draft  FAA  memo  listed  the  following  recommendations: 

1. )  Handling  characteristics  be  examined  at  speeds  approaching  stick  pusher 

thresholds  during  flight  test  with  acceptable  artificial  ice  shapes  to  determine 
if  adequate  stall  warning  margins  exist  with  unclearable  ice. 

2. )  If  adequate  stall  warning  margins  do  not  exist  with  unclearable  ice,  develop 
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appropriate  corrective  means  to  prevent  ice  formation  or  remove  ice  on  those 
critical  surfaces  to  maintain  safety  margins  at  acceptable  levels. 

3. )  If  inadequate  stall  warning  margins  are  found  to  exist  that  cannot  be  corrected 

by  preventing  ice  from  forming  or  removing  it  periodically,  then  reliable 
means  must  be  provided  for  the  crew  to  assess  conditions  on  critical  surfaces 
of  the  airplane  so  that  they  can  take  appropriate  action  before  hazardous 
degradation  of  performance  or  control  occurs. 

4. )  Mandate  the  appropriate  actions  by  Airworthiness  Directive. 

The  Safety  Board  became  aware  of  the  January  26,  1996,  FAA  draft  memo  after 
the  Comair  flight  3272  accident  occurred,  and  Safety  Board  staff  subsequently  requested  a  copy 
of  the  draft  memo  from  the  FAA.  On  February  19,  1997,  the  FAA  provided  Safety  Board 
personnel  with  the  draft  memo;  however,  FAA  certification  staff  emphasized  that  the  draft  memo 
(which  contained  the  signature  of  the  FAA  engineer’s  supervisor)  was  one  engineer’s  draft 
summary  of  the  six  incidents  and  had  not  been  widely  distributed  because  it  did  not  represent  the 
FAA’s  official  position  regarding  the  incidents.  According  to  the  FAA’s  EMB-120  Aircraft 
Certification  Program  Manager,  the  draft  summary  was  based  on  one  FAA  engineer’s  assessment 
of  the  events;  however,  the  draft  summary  did  not  necessarily  take  into  consideration  the 
underlying  premise  in  FAA  airplane  certification — ^that  flightcrews  will  operate  the  airplane  and 
its  systems  appropriately  in  all  circumstances.  For  example,  the  FAA’s  EMB-120  Aircraft 
Certification  Program  Manager  pointed  out  that  none  of  the  six  EMB-120  icing-related  events 
occurred  when  the  flightcrews  had  the  leading  edge  deicing  boots  activated.  (The  March  1998 
Westair  flight  7233  EMB-120  roll  upset  event  may  be  an  exception;  it  may  have  occurred  with 
deicing  boots  activated — see  section  1.18.2.9  and  its  subsections  for  additional  information 
regarding  this  incident.) 

The  FAA  subsequently  organized  a  meeting  (held  on  March  13,  1997,  and 
attended  by  Safety  Board  staff)  to  review  and  discuss  the  EMB-120  icing-related  events  at  the 
FAA’s  ACO  in  Atlanta,  Georgia;  other  attendees  included  FAA  and  CTA  personnel  and 
representatives  from  Embraer,  ALPA,  Comair,  and  ASA.  During  this  meeting,  the  FAA 
indicated  that  its  examination  of  the  available  information  regarding  these  six  events  revealed  the 
following  information:  (1)  five  of  the  six  flightcrews  reported  that  an  uncommanded  roll  upset 
occurred,'"^’  (2)  three  of  the  five  flightcrews  involved  in  the  uncommanded  roll  upsets  observed 
the  presence  of  ice  (although  not  significant  ice  accumulation)  before  the  upset,  (3)  none  of  the 
flightcrews  had  activated  the  leading  edge  deicing  systems  before  the  upset  occurred,  (4)  in  all 
five  uncommanded  roll  events,  stick  shaker  activation  occurred — and  in  two  events  the  stick 
pusher  activated,  (5)  four  of  the  five  roll  upset  events  occurred  at  altitudes  of  13,000  feet  msl  or 
higher  (the  remaining  event  occurred  at  4,500  feet  msl),  and  (6)  all  six  icing-related  events  were 
recovered  without  loss  of  life. 

Based  on  the  review  of  these  events,  the  FAA  drew  the  following  preliminary 
conclusions  at  the  March  13,  1997,  meeting: 


The  sixth  flightcrew  observed  a  40  knot  decrease  in  airspeed  and  an  increase  in  pitch  attitude 
(with  no  change  in  altitude)  that  did  not  correspond  to  an  increase  in  visible  (wing  leading  edge)  ice  accumulation. 
Activation  of  the  leading  edge  deice  system  corrected  the  anomaly;  the  flightcrew  suspected  severe  tailplane  icing. 
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1.  The  visual  cues  were  not  sufficient  for  the  crew  to  decide  to  activate  the 
deice  system.  Therefore,  it  is  necessary  to  provide  the  flightcrew  with  a 
more  precise  method  for  identifying  the  need  for  activation  of  the  deice 
system. 

2.  Mandatory  activation  of  the  boots  with  the  first  indication  of  ice  appears 
warranted. 

3.  A  minimum  maneuver  speed,  flaps  up,  during  cruise  and  descent,  or 
revised  stall  prevention  system  activation  schedules  in  icing  conditions, 
should  be  considered. 

The  FAA  partially  addressed  these  issues  in  Notice  of  Proposed  Rulemaking 
(NPRM)  Docket  97-NM-46-AD  and  in  the  resultant  AD  97-26-06  (see  section  1.18.3). 


1.18.2.4  Operational  Bulletin  120-002/96/AFM  Revision  43 — ^April  1996 

On  April  12,  1996,  Embraer  published  OB  No.  120-002/96  to  provide  EMB-120 
operators  and  other  interested  personnel  with  information  regarding  the  results  of  the  SLD  icing 
controllability  tests,  including  the  December  1995  in-flight  tanker  icing  tests,  which  were 
conducted  following  the  ATR-72  accident  near  Roselawn,  Indiana.  Embraer  representatives 
reported  that  OB  120-002/96  was  distributed  to  the  U.S. -based  EMB-120  operators,  as  follows: 
Atlantic  Southeast  Airlines,  Inc.,  Comair,  Inc.,  Continental  Express,  Inc.,  Great  Lakes  Aviation, 
Ltd.,  Mesa  Airlines,  Inc.,  Skywest  Airlines,  Inc.,  and  Westair  Commuter  Airlines,  Inc. 
Additionally,  according  to  Embraer’ s  records,  on  May  17,  1996,  OB  No.  120-002/96  was 
distributed  to  the  following  FAA  offices:  Seattle  ACO  and  AEG,  Atlanta  ACO,  Southern  Region 
Flight  Standards  Office,  Salt  Lake  City  FSDO,  and  the  Program  Management  Branch  of  the 
Flight  Standards  Service.  There  was  no  evidence  that  Embraer  provided  Comair’ s  POI  (at  the 
FAA’s  Louisville,  Kentucky,  FSDO)  with  a  copy  of  OB  120-002/96;  further,  Comair’s  POI 
reported  that  he  did  not  receive  a  copy  of  the  OB  until  March  1997.  (As  previously  discussed, 
FAA  personnel  were  not  required  to  approve,  forward,  act,  or  comment  on  the  manufacturer’s 
bulletin.) 


OB  120-002/96  contained  the  following  guidance  with  regard  to  the  effects  of  ice 
accreted  in  non-SLD  icing  conditions: 

When  drag  is  increased  due  to  ice,  an  increase  in  angle  of  attack  is  required  to 
maintain  altitude.... such  an  increase  in  the  angle  of  attack  may  lead  to  a  stall, 
followed  by  an  uncommanded  roll  excursion  if  ice  accretes  asymmetrically  in 
the  wing,  at  a  speed  somewhat  above  that  normal  stall  speed  for  the  associated 
configuration. 

In  addition,  the  OB  listed  procedures  for  operating  in  icing  conditions  within  Part 
25  appendix  C,  which  included  the  following  instructions:  “Monitor  ice  continuously 
during... cruise.  At  the  first  sign  of  ice  formation,  turn  all  ice  protection  systems  on.”  OB  No. 
120-002/96  cautioned  readers  that  its  content  may  not  have  been  approved  by  airworthiness 
authorities  at  the  time  of  issuance  and  advised  that  “[i]n  the  event  of  conflict  with  the 
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approved  publication  (AFM,  WB,  MMEL,  or  CDL)  the  approved  information  shall  prevail.” 

OB  No.  120-002/96  also  described  the  results  of  the  SLD  icing  controllability 
tests,  stating  the  following,  in  part: 

Tests  with  simulated  ice  shapes  following  the  icing  tanker  flights  [have] 
demonstrated  the  satisfactory  handling  characteristics  of  the  EMB-120  aircraft 
under  freezing  rain  and  freezing  drizzle  conditions.  Airplane  handling  was 
demonstrated  to  be  adequate  for  safe  operation.  Aileron  control  forces  are 
somewhat  increased,  but  still  are  well  within  the  normal  certification  limited 
values.*"^* 

OB  120-002/96  also  stated,  “During  the  [SLD]  icing  test  series,  the  aircraft 
demonstrated  nominal  control  response  even  when  flying  in  SLD  conditions.  As  such,  the 
procedures  to  be  used  under  those  conditions  do  not  differ  significantly  from  that  of  the  normal 
icing.”  A  copy  of  OB  No.  120-002/96  is  included  in  appendix  G. 

As  previously  mentioned,  on  April  23,  1996,  Embraer  issued  FAA-  and  CTA- 
approved  AFM  revision  43,  which  officially  revised  the  ice  protection  system  procedures  to 
include  activation  of  the  leading  edge  deicing  boots  at  the  first  sign  of  ice  formation.  According 
to  Comair’s  EMB-120  Program  Manager,  the  company  received  AFM  change  43  on  June  13, 
1996,  after  AD  96-09-24  was  issued  (see  section  1.18.2.5  for  additional  information  regarding 
the  AD).  According  to  Comair’s  EMB-120  Program  Manager,  the  proposed  procedural  changes 
contained  in  AFM  revision  43  were  contrary  to  Comair’s  trained  procedures  and  practices;  he 
stated  that  for  years  the  company  had  trained  pilots  to  be  aware  of  ice  bridging,  thought  to  be  the 
result  of  early  activation  of  deicing  boots.  He  further  stated  that  Comair  personnel  believed  that 
enacting  the  changes  would  result  in  potentially  unsafe  operations  because  of  ice  bridging. 
Therefore,  according  to  Comair’s  EMB-120  Program  Manager,  company  personnel  decided  not 
to  incorporate  the  procedures  described  in  revision  43  to  the  EMB-120  AFM  into  the  company  s 
FSM  and  training  program.  Discussions  with  management  personnel  at  each  of  the  seven  U.S.- 
based  EMB-120  operators  indicated  that  at  the  time  of  the  accident  only  two  of  these  operators 
had  changed  their  EMB-120  procedures  to  reflect  the  information  in  revision  43  to  the  AFM. 

During  postaccident  discussions,  B.F.  Goodrich  Ice  Protection  Systems  personnel 
stated  that  icing/wind  tunnel  tests  and  flight  tests  revealed  no  indication  of  ice  bridging  (as 
previously  defined  in  this  report)  on  airfoils/airplanes  equipped  with  modem,  fully  functional 
pneumatic  deicing  boots.  They  stated  “[g]enerally  a  cleaner  shed  [by  area]  results  if  the  ice  layer 
is  allowed  to  build  to  the  ‘recommended  thickness...’  prior  to  activation.  If  the  de-icers  are 
activated  when  the  ice  thickness  is  less  than  the  ‘recommended  thickness,’  the  shed  will  not  be  as 
clean  (by  area).  However,  even  if  this  occurs,  the  ice  layer  will  eventually  shed  when  it  builds  to 
the  recommended  thickness.”  B.F.  Goodrich  personnel  further  stated  that  because  airplanes  that 
are  certificated  for  flight  into  known  icing  conditions  have  been  tested  and  approved  for  flight  in 
icing  conditions  as  an  entire  airplane  system,  “[a]ny  airframe  manufacturer  who  wishes  to  modify 


As  previously  discussed,  these  in-flight  icing  tanker  tests  were  conducted  at  airspeeds  between 


160  and  175  knots. 
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FAA  approved  operating  procedures  for  activating  the  pneumatic  de-icers  should  retest 
the... system  and  secure  FAA  approval.”  In  a  July  8,  1996,  engineering  coordination  memo  from 
B.F.  Goodrich  to  Embraer  on  the  subject  of  pneumatic  deicer  operation,  B.F.  Goodrich  stated  the 
following,  in  part: 

The  basic  design  of  the  pneumatic  de-icer  requires  that  a  layer  of  ice... be 
accreted  onto  the  de-icer  in  the  deflated  condition,  and  then  inflated  to  crack 
the  layer  of  ice  which  is  then  removed  by  the  scavenging  effect  of  the  air 
stream  over  the  airfoil. . . . 

If  the  de-icer  is  used  as  an  anti-icer,  the  ice  thickness  may  be  too  thin  when  the 
de-icer  tubes  are  inflated  to  produce  the  cracking  and  shearing  stresses 
necessary  to  break  the  ice  into  pieces  for  removal  from  the  de-icer. 

Icing  tunnel  testing  has  shown  that  the  anti-ice  function  of  a  pneumatic  de-icer 
will... remove  small  amounts  of  thin  ice  during  [the  initial]  inflation  cycle 
allowing  the  ice  still  bonded  to  the  de-icer  to  increase... larger  areas  will  be 
removed  [during  subsequent  boot  inflation  cycles]. 

The  anti-ice  use  of  the  de-ieer  increases  de-icer  flex  cycles,  reduces  de-icer 
life. 

AFM  change  43  and  ice  bridging  will  be  discussed  further  in  section  1.18.4.2. 


1.18.2.5  Supercooled  Liquid  Droplet  Icing  Airworthiness  Directive  96-09-24 — May 

1996 

To  more  clearly  define  procedures  and  limitations  associated  with  operating  in 
SLD  icing  conditions,  on  May  7,  1996,  the  FAA  issued  AD  96-09-24,  applicable  to  all  EMB-120 
series  airplanes.  AD  96-09-24  required  EMB-120  operators  to  take  the  following  actions: 

1)  Revise  the  FAA-approved  AFM  by  incorporating  the  following  warning  in  the 
Limitations  Section  of  the  AFM.  The  warning  stated,  in  part: 

Severe  icing  may  result  from  environmental  eonditions  outside  of  those  for 
which  the  airplane  is  eertificated.  Flight  in  freezing  rain,  freezing  drizzle,  or 
mixed  icing  conditions  (supercooled  liquid  water  and  ice  crystals)  may  result 
in  ice  build-up  on  protected  surfaces  exceeding  the  capability  of  the  ice 
protection  system,  or  may  result  in  ice  forming  aft  of  the  protected  surfaces. 
This  ice  may  not  be  shed  using  the  ice  protection  systems,  and  may  seriously 
degrade  the  performance  and  controllability  of  the  airplane. 

•  During  flight,  severe  icing  conditions  that  exceed  those  for  which  the 
airplane  is  certificated  shall  be  determined  by  the  following  visual  cues... 
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♦  Unusually  extensive  ice  accreted  on  the  airframe  in  areas  not 
normally  observed  to  collect  ice. 

♦  Accumulation  of  ice  on  the  upper  surface  of  the  wing  aft  of  the 
protected  area. 

♦  Accumulation  of  ice  on  the  propeller  spinner  farther  aft  than 
normally  observed. 

•  Since  the  autopilot  may  mask  tactile  cues  that  indicate  adverse  changes  in 
handling  characteristics,  use  of  the  autopilot  is  prohibited  when  any  of  the 
visual  cues  specified  above  exist,  or  when  unusual  lateral  trim 
requirements  or  autopilot  trim  warnings  are  encountered  while  the  airplane 
is  in  icing  conditions. 

•  In  icing  conditions,  use  of  flaps  is  restricted  to  takeoff,  approach,  and 
landing  only.  When  the  flaps  have  been  extended  for  approach  or  landing, 
they  may  not  be  retracted  unless  the  upper  surface  of  the  wing  aft  of  the 
protected  area  is  clear  of  ice,  or  unless  flap  retraction  is  essential  for  go- 
around. 

and,  2)  Revise  the  FAA-approved  AFM  by  incorporating  the  following  procedural 
information  in  the  Procedures  Section  of  the  AFM.  The  procedural  information  stated,  in  part: 

These  procedures  are  applicable  to  all  flight  phases  from  takeoff  to  landing. 

Monitor  the  ambient  air  temperature.  While  severe  icing  may  form  at 

temperatures  as  cold  as  -18°  [C],  increased  vigilance  is  warranted  at 

temperatures  around  freezing  with  visible  moisture  present.  If  the  visual  cues 

specified  in  the  Limitations  Section  of  the  AFM. .  .are  observed. . . : 

•  Immediately  request  priority  handling  from  [ATC]...to  exit  the  severe 
icing  conditions.... 

•  Avoid  abrupt  and  excessive  maneuvering  that  may  exacerbate  control 
difficulties. 

•  Do  not  engage  the  autopilot. 

•  If  the  autopilot  is  engaged,  hold  the  control  wheel  firmly  and  disengage  the 
autopilot. 

•  If  an  unusual  roll  response  or  uncommanded  roll  control  movement  is 
observed,  reduce  the  angle-of-attack. 

•  Do  not  extend  flaps  during  extended  operation  in  icing  conditions. 
Operation  with  flaps  extended  can  result  in  a  reduced  wing  angle-of- 
attack,  with  the  possibility  of  ice  forming  on  the  upper  surface  further  aft 
on  the  wing  than  normal,  possibly  aft  of  the  protected  area. 

•  If  flaps  are  extended,  do  not  retract  them  until  the  airframe  is  clear  of  ice. 
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1.18.2.6  Comair  Bulletins/Revisions  Resulting  from  the  Operational 

Bulletin  and  Airworthiness  Directive 

On  July  2,  1996,  Comair  issued  EMB-120  FSB  No.  96-02,  “Severe  Icing 
Conditions  [per  AD  96-09-24],”  which  contained  the  information  detailed  in  the  AD.  On 
October  14,  1996,  (in  accordance  with  the  airline’s  FSM  revision  process)  Comair  accomplished 
the  AD  by  issuing  FAA-approved  revisions  to  the  procedures  and  limitations  sections  of  the 
FSM.  Additionally,  on  October  18,  1996,  Comair  issued  FSB  No  96-04,  “Winter  Flying  Tips,” 
which  provided  flightcrews  with  additional  guidance  regarding  operations  in  icing  conditions  as 
follows,  in  part: 

•  The  autopilot  may  only  be  used  in  IAS  mode  when  climbing  in  icing 
conditions.  In  any  other  mode  the  aircraft  may  be  slowed  to  a  stall  if  the 
autopilot  is  trying  to  maintain  a  climb  or  pitch  attitude.  When  in  the  IAS 
mode  the  autopilot  will  descend  if  necessary  to  maintain  the  desired  airspeed 
(below  FL200  minimum  desired  airspeed  is  170  KIAS),  thereby  not  allowing 
the  airspeed  to  drop  to  stalling  speeds. ... 

•  If  an  unusual  roll  response  or  uncommanded  roll  control  movement  is 
observed,  reduce  the  angle-  of-attack. 

•  Do  not  extend  flaps  during  extended  operation  in  icing  conditions.  Operation 
with  flaps  extended  can  result  in  a  reduced  wing  angle-of-attack,  with  the 
possibility  of  ice  forming  on  the  upper  surface  further  aft  on  the  wing  than 
normal,  possibly  aft  of  the  protected  area. 

•  If  the  flaps  are  extended,  do  not  retract  them  until  the  airframe  is  clear  of  ice. 

•  Minimum  airspeed  for  holding  is  now  170  KIAS*'^^  (will  be  in  FSM  Rev.  9). 

•  When  there  is  any  suspected  residual  airframe  icing,  use  25  degrees  flaps 
ONLY,  and  use  Vref25  -h  5  KIAS  for  reference  speed. 

Comair’ s  changes  and  additional  guidance  did  not  identify  a  minimum  airspeed 
for  flaps-up  operations  other  than  climbing  and  holding  in  icing  conditions,  nor  did  it  address 
operation  of  the  leading  edge  deicing  boots.  (Since  the  accident,  Comair  has  revised  its  FSM  to 
specify  a  minimum  airspeed  of  170  knots  for  all  EMB-120  operations  in  icing  conditions  and  to 
indicate  that  deicing  boots  should  be  activated  at  the  first  sign  of  ice  accumulation.) 

In  addition,  on  December  23,  1996,  Comair  issued  a  memo  to  all  turbopropeller 
flight  crewmembers,  which  addressed  “Freezing  Precipitation  AD.”  The  memo  summarized  the 
information  contained  in  AD  96-09-24  and  advised  flightcrews  that  “use  of  the  autopilot  may 
mask  tactile  cues,  and  is  prohibited  when  [freezing  rain  or  freezing  drizzle]  conditions  exist.” 


The  170  knot  minimum  EMB-120  airspeed  for  holding  in  icing  conditions  superseded  the 
previous  FSM  guidance,  which  specified  a  160  knot  minimum  airspeed  for  holding  in  icing  conditions. 
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1.18.2.7  Guidance  in  Embraer’s  EMB-120  Airplane  Flight  Manual  at 
the  Time  of  the  Accident 

Embraer’s  EMB-120  AFM,  which  had  been  revised  in  accordance  with 
FAA/CTA-approved  change  43  in  April  1996,  advised  operators/pilots  that  the  following 
procedures  should  be  followed  during  operation  in  icing  conditions  (within  the  Part  25  appendix 
C  envelope): 


When  flying  into  known  or  forecast  icing  conditions,  proceed: 

IGNITION  Switches  . ON 

Ice  Protection  System . TURN  ON  AS  REQUIRED 

The  ice  protection  system  should  be  turned  on  as  follows: 

•  AOA,  TAT  and  SLIP:  before  flying  into  known  icing  conditions. 

•  Propeller:  before  flying  into  known  icing  conditions  or  at  first  sign  of 
ice  formation. 

•  Wing  and  tail  leading  edges,  engine  air  inlet  and  windshield:  at  the 
first  sign  of  ice  formation. 


Holding  configuration: 

Landing  Gear  Lever 
Flap  Selector  Lever. 

Airspeed . 

Np'^*^ . 


UP 

■UP 

.160  KIAS  Minimum 
.85  percent  Minimum 


NOTE:  For  approach  procedures  in  known  or  forecast  icing  conditions, 
increase  the  airspeed  by  5  up  to  10  KIAS  until  the  short  final. 


Previous  AFM  guidance  regarding  ice  protection  system  activation  (included  in 
Revision  27  to  the  EMB-120  AFM)  indicated  that  the  ice  protection  system  should  be  activated 
as  follows: 


•  AOA,  TAT  and  SLIP:  before  flying  into  known  icing  conditions. 

•  Propeller:  before  flying  into  known  icing  conditions  or  at  the  first  sign  of  ice 
formation. 

•  Engine  air  inlet  and  windshield:  at  the  first  sign  of  ice  formation. 

•  Wing  and  tail  leading  edges:  when  ice  accumulation  is  *4”  to  V2”. 

Embraer’s  Technical  Liaison  told  Safety  Board  investigators  that  the  revised 
procedure  was  intended  to  reduce  the  likelihood  of  upset  events  resulting  from  the  pilots’  failure 
to  activate  leading  edge  deicing  boots  and  to  reduce  the  pilots’  workload  by  relieving  them  of  the 


Np  means  propeller  revolutions  per  minute  (rpm). 
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responsibility  for  monitoring  and  gauging  ice  accretion  in  an  effort  to  determine  when  to  activate 
the  wing  and  tail  leading  edge  devices.  Copies  of  the  AFM  revisions  are  included  in  appendix  G. 


1.18.2.8  Guidance  in  Comair’s  FSM  Before  the  Accident 

In  addition  to  the  AD  96-09-24-related  revisions  and  the  subsequent  FSBs  (one  of 
which  superseded  the  FSM’s  160  knot  minimum  EMB-120  airspeed  for  holding  in  icing 
conditions  with  a  170  knot  minimum  airspeed  for  holding  in  icing  conditions),  the  Cold  Weather 
Operation  section  of  the  EMB-120  FSM  stated  the  following,  in  part: 

General  Policy  Regarding  Use  of  Anti-ice  Equipment 

Note: 

Icing  conditions  exist  when  the  OAT  is  +5°  C  or  below  and  visible  moisture  in 
any  form  is  present  (such  as  clouds,  rain,  snow,  sleet,  ice  crystals,  or  fog  with 
visibility  of  one  mile  or  less). ... 

Ignition... 

Continuous  ignition  must  be  used  for  flight  through  moderate  or  severe  icing. 

Wing/Engine  Inlet  De-Ice 

Allow  ice  accumulation  to  build  approximately  Vi  inch  prior  to  inflating  the 
wing  and  engine  inlet  de-ice  boots.  When  it  is  difficult  to  see  the  wing  leading 
edge,  or  operating  at  night,  an  airspeed  loss  of  10  to  15  knots  is  a  good 
indicator  of  ice  accumulation. 

Comair’s  EMB-120  FSM  also  contained  the  following  note: 

CAUTION 

Premature  activation  of  the  surface  de-ice  boots  could  result  in  ice  forming  the 
shape  of  an  inflated  de-ice  boot,  making  further  attempts  to  de-ice  in  flight 
impossible. 


1.18.2.9  Postaccident  EMB-120  Upset  Events/Information 

The  Safety  Board  is  aware  of  two  postaccident  EMB-120  upset  events.  The  first 
occurred  on  May  21,  1997,  and  involved  a  Base  Airlines'^*  EMB-120  (OO-DTO),  which 
experienced  “uncommanded  violent  roll  tendencies’’  immediately  after  takeoff  from  the  airport  at 
Gatwick,  England.  Although  the  airplane  rolled  left  and  right  at  bank  angles  that  sometimes 

Base  Airlines  is  a  regional  air  carrier  based  in  Eindhoven,  Netherlands. 
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exceeded  60°,  it  returned  to  Gatwick  and  landed  without  further  incident.  Postincident 
examination  of  the  airplane  revealed  a  spanwise  crack  (about  IV2  feet  long  and  2  inches  wide)  in 
the  fiberglass  surface  of  the  right  wing,  aft  of  the  leading  edge  deicing  boots.  According  to  Delta 
Air  Transport  (the  company  responsible  for  maintaining  the  incident  airplane),  further 
examination  revealed  that  the  delamination  damage  occurred  because  [t]hrough  carelessness  at 
installation  of  the  boot  a  narrow  band  of  bare  composite  between  the  sealant  at  the  edge  of  the 
boot  and  the  coated/painted  area  to  the  aft  of  the  leading  edge  [was]  exposed.  Probably  through 
erosion  and  aerodynamic  loading  the  first  layer  of  the  composite  has  delaminated  and  is  tom  right 
along  the  edge  of  the  painted  area,  creating  a  loose  flap.” 

As  a  result  of  this  incident,  on  September  13,  1997,  Embraer  issued  SB  120-51- 
A004,  which  recommended  that  EMB-120  operators  perform  “a  visual  inspection  of  the  wing 
and  empennage  leading  edge  area  behind  the  de-ice  boots  for  erosion,  delamination  and  condition 
of  sealing  and  anti  static  paint.... at  [the]  operator’s  earliest  convenience  but  not  later  than  the 
next  line  check.”‘^^  In  addition,  on  September  22,  1997,  the  CTA  issued  Brazilian  (Emergency) 
Airworthiness  Directive  (EAD)  97-09-07,  which  required  all  EMB-120  operators  to  perform  the 
actions  described  in  SB  120-5 1-A004  and  all  approved  revisions.  Although  all  U.S. -based  EMB- 
120  operators  received  the  manufacturer’s  SB  120-51-A004  (and  its  revision),  compliance  with 
Embraer’ s  SB  is  not  mandatory.  Further,  U.S. -based  EMB-120  operators  are  not  required  to 
comply  with  the  Brazilian  AD  (or  EAD);  only  FAA-issued  ADs  carry  the  force  of  law  for  U.S. 
operators.  According  to  the  FAA’s  EMB-120  Aircraft  Certification  Program  Manager,  initially 
the  FAA  did  not  believe  that  mandatory  action  was  warranted  in  this  case.  Subsequently, 
however  (on  March  27,  1998),  the  FAA  issued  NPRM  98-NM-33-AD,  which  would  (if  it 
becomes  an  AD  as  written)  require  all  U.S.-based  EMB-120  operators  to  comply  with  Embraer’s 
SB  120-51-A004,  Revision  01. 

The  second  postaccident  EMB-120  upset  event  occurred  on  March  5,  1998,  about 
2038,  and  involved  a  Westair  Commuter  Airlines,  Inc.  (Westair),'^^  EMB-120,  N284YV, 
operated  as  flight  7233,  that  experienced  uncommanded  roll  oscillations  while  operating  in  icing 
conditions  after  it  departed  Sacramento,  California. The  pilots  were  able  to  regain  control  of 
the  airplane  and  continued  to  their  destination  airport  without  further  incident. 

During  postincident  interviews,  the  pilots  of  Westair  flight  7233  told  Safety  Board 
investigators  that  the  airplane  accumulated  ice  during  the  descent  into  Sacramento,  and  they 
expected  to  encounter  similar  icing  conditions  again  during  their  climb  out,  so  they  activated  the 
leading  edge  deicing  boots  as  soon  as  they  entered  the  clouds  (about  3,000  feet  msl).  Based  on 
their  observations  of  the  windshield,  propeller  spinners,  and  unprotected  areas  of  the  wing 
leading  edges,  the  pilots  estimated  that  the  airplane’s  unprotected  surfaces  had  accumulated 
about  Va  inch  to  V2  inch  of  rime  ice  when  the  upset  occurred,  in  what  they  described  as  moderate 
icing  conditions.  The  pilots  stated  that  the  leading  edge  deicing  boots  were  operating  in  the 
heavy  mode,  and  when  they  visually  inspected  the  wings,  it  appeared  that  the  deicing  boots  were 


Embraer  SB  120-51-A004,  Revision  1  was  issued  on  November  10,  1997,  and  incorporated  the 
application  of  a  coat  of  conductive  edge  sealer  over  the  sealer/anti-static  paint  where  applicable. 

Westair  is  a  regional  air  carrier  based  at  Fresno,  California,  doing  business  as  United  Express. 
See  NTSB  brief  of  accident  report  DCA98SA029. 
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doing  a  good  job  of  keeping  the  wing  leading  edges  clean.  They  did  not  report  observing  any 
intercycle  ice  accumulation,  any  ridge-type  accumulations,  or  any  ice  accretion  aft  of  the  leading 
edge  deicing  boot  coverage. 

Shortly  after  the  flight  departed  Sacramento,  the  pilots  received  ATC  instructions 
to  enter  a  holding  pattern.  The  pilots  reported  that  the  captain  was  performing  flying  pilot  duties, 
and  was  operating  the  airplane  with  the  autopilot  engaged.  The  first  officer  stated  that  when  the 
airplane  arrived  at  the  assigned  holding  fix,  it  was  level  at  10,000  feet  msl  and  the  engine  torque 
was  reduced  to  between  50  and  55  percent  to  maintain  their  target  holding  airspeed  of  170  knots. 
The  captain  used  the  autopilot  heading  mode  to  begin  a  left  turn  to  the  outbound  leg  of  the  hold. 
Both  pilots  reported  that  as  the  airplane  began  its  left  bank,  they  felt  an  unusual  airplane 
movement  or  vibration,*^^  but  their  scan  of  the  instruments  revealed  no  anomalies,  except  that 
the  airspeed  was  slightly  below  their  target  airspeed  of  170  knots  (the  captain  estimated  the 
airspeed  was  about  165  knots).  When  the  airplane  began  to  roll  out  of  the  left  bank  on  its 
outbound  heading,  the  captain  felt  the  airplane  shudder  again  and  noticed  that  the  airplane’s  pitch 
had  decreased  and  the  roll  angle  had  increased  beyond  the  autopilot’s  command  limits  (25°,  +/- 
2.5°).  He  reported  that  he  added  engine  power  (FDR  information  indicated  that  the  engine  power 
increased  to  about  100  percent  by  2037:37),  but  the  airplane  “was  not  doing  what  I  wanted,”  so 
the  captain  applied  “max  power”  and  disengaged  the  autopilot  about  2037:40. 

At  2037:44,  the  airplane  began  a  series  of  uncommanded  roll  and  pitch 
oscillations.  During  postincident  interviews,  both  pilots  estimated  that  the  airplane  reached  right 
and  left  30°  bank  angles  and  lost  about  500  feet  during  the  excursion;  the  captain  recalled 
observing  airspeeds  as  low  as  125  to  130  knots  during  the  event.  The  captain  stated  that  during 
the  oscillations,  neither  the  ailerons  nor  the  elevator  were  responding  normally  to  his  flight 
control  inputs.  However,  he  recalled  an  ALFA  memo  that  advised  pilots  to  extend  the  flaps  if 
they  experienced  an  upset  event,  so  he  asked  the  first  officer  to  extend  15°  of  flaps.  The  captain 
stated  that  as  the  flaps  extended,  the  flight  controls  became  normally  effective  again;  the  pilots 
flew  the  remainder  of  the  flight  with  the  flaps  extended  and  landed  without  further  incident. 

FDR  information  from  the  Westair  airplane  indicated  that  the  airplane’s  airspeed 
decreased  below  the  pilots’  target  airspeed  of  170  knots  about  3  minutes  before  the  upset 
occurred  and  continued  to  decrease,  reaching  146  knots  just  before  the  autopilot  disconnected 
and  the  upset  occurred.  After  the  autopilot  disconnected  (during  the  subsequent  roll  and  pitch 
oscillations),  the  airspeed  further  decreased  to  about  123  knots  before  the  pilots  were  able  to 
regain  control.  FDR  data  showed  that  when  the  pilots  disengaged  the  autopilot,  the  airplane  was 
rolling  right  out  of  the  left  holding  pattern  turn.  Within  the  next  4  seconds,  the  airplane  began  to 
roll  rapidly  to  the  right  to  about  63°  of  right  bank;  the  airplane  rolled  back  to  the  left  to  about  45° 
of  left  bank,  then  rolled  right  again  to  about  36°  of  right  bank,  and  continued  to  oscillate  back  and 


Although  they  did  not  report  observing  any  ice  accumulation  aft  of  the  leading  edge  deicing 
boot  coverage,  the  pilots  stated  that  they  saw  some  frost-type  accretion  on  the  aft  (noninflatable)  portion  of  the 
leading  edge  deicing  boots.  They  stated  that  they  could  see  the  boot  surface  through  the  frost;  they  reported  that 
because  of  the  color  of  the  paint  on  the  wing  surface,  they  could  not  determine  if  the  frost  extended  aft  of  the  deicing 
boot  material. 

The  captain  reported  that  he  felt  a  little  “twitch”  or  a  shudder;  the  first  officer  stated  that  he  felt 
a  “rumble”  or  shudder. 
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forth  between  shallower  right  and  left  banks  for  the  next  50  seconds  or  so  before  it  leveled  off. 
During  these  roll  oscillations,  the  airplane  also  experienced  pitch  excursions  from  a  maximum 
nose-down  pitch  of  about  7°  to  a  maximum  nose-up  pitch  of  about  17°.  The  airplane  lost  about 
500  feet  (to  9,500  feet  msl)  during  these  excursions  before  it  pitched  up  and  began  climbing;  the 
pilots  declared  an  emergency,  advising  ATC  that  they  were  encountering  icing  conditions.  The 
pilots  requested  and  received  clearance  to  climb  to  a  higher  altitude  (13,000  feet  msl). 


1.18.2,9.1  Meteorological  Conditions  Encountered  by  Westair  Flight  7233 

A  surface  weather  observation  taken  at  Sacramento  (KSAC)  at  2047  (about  17 
minutes  after  the  upset  occurred)  indicated  moderate  rain  and  fog  near  Sacramento  when  the 
incident  occurred.  The  2056  surface  weather  observation  taken  at  Stockton,  California  (KSCK), 
located  about  39  nm  south-southeast  of  KSAC,  indicated  an  overcast  cloud  layer  at  3,900  feet 
with  9  miles  visibility.  The  most  recent  upper  air  data  from  Oakland,  California,  indicated 
moisture  from  the  surface  to  about  9,500  feet  msl,  with  drier  air  above.  The  data  indicated  that 
the  freezing  level  in  the  Sacramento  area  was  about  4,600  feet  msl.  There  were  two  AIRMETs  in 
effect  for  the  Sacramento  area  at  the  time  of  the  incident;  one  AIRMET  indicated  that  occasional 
moderate  rime/mixed  icing  was  likely  in  clouds  and  in  precipitation  between  the  freezing  level 
and  FL  180;  the  other  AIRMET  indicated  the  possibility  of  occasional  moderate  turbulence 
below  15,000  feet  msl.  The  Safety  Board  examined  the  PIREPs  for  the  area  about  the  time  of  the 
incident;  at  1728,  an  MD-80  flightcrew  reported  encountering  the  following  icing  conditions 
during  its  descent  15  miles  northeast  of  Sacramento:  light  rime  icing  at  15,000  feet  msl; 
moderate  rime  icing  at  12,000  feet  msl;  and  freezing  rain/sleet  between  8,000  and  7,000  feet  msl. 


1.18.2.9.2  Westair  Flight  7233  Airspeed  Indication  and  Flight  Data 

Recorder  Sensor  Information 

During  postincident  discussions,  Comair  and  ALPA  representatives  advised 
Safety  Board  investigators  that  they  frequently  observed  airspeed  differences  of  up  to  10  knots 
between  the  captain’s  and  first  officer’s  airspeed  indicators. They  further  indicated  that 
because  airspeed  information  recorded  by  the  FDR  is  from  a  different  source  than  the  captain’s  or 
first  officer’s  airspeed  indicators,  the  airspeed  information  observed  by  the  Westair  pilots  in  the 
cockpit  (and  used  by  the  pilots  to  maintain  safe/assigned  airspeeds)  might  have  been  significantly 
different  from  the  airspeeds  recorded  by  the  FDR.  The  incident  airplane’s  maintenance  records 
indicated  the  following: 

•  The  airplane’s  most  recent  air  data  sensor  (ADS)  output  calibration  was 
accomplished  during  the  FDR  system  check  on  December  27,  1997;  no 
discrepancies  were  noted. 

•  The  airplane’s  most  recent  pitot/static  system  calibration  was  accomplished  on 
March  12,  1998  (one  week  after  the  incident);  no  discrepancies  were  noted 


According  to  FAR  Part  25.1323,  the  maximum  allowable  airspeed  indicator  variance  (from 
actual  airspeed)  is  5  knots  or  3  percent,  whichever  is  greater,  throughout  the  airplane’s  airspeed  range. 
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during  this  calibration.  (The  airplane’s  previous  pitot/static  system  calibration 
was  accomplished  in  March  1996.) 

•  A  review  of  the  preceding  2  years  of  maintenance  discrepancies  for  the 
incident  airplane  revealed  no  reported  discrepancies  involving  the  accuracy  of 
the  pitot/static  system,  airspeed  indication  errors,  or  FDR  airspeed  input 
calibration  problems. 

On  April  30,  1998,  the  Safety  Board  conducted  a  postincident  demonstration 
flight  to  document  the  observed  and  recorded  airspeeds  in  the  incident  airplane.  Examination  of 
the  flightcrew’s  airspeed  indicators  revealed  that  the  indications  matched  under  all  tested 
conditions/airspeeds  except  one;  in  the  150  knot  test  condition,  the  captain’s  airspeed  indicator 
showed  150  knots,  and  the  first  officer’s  airspeed  indicator  showed  148  knots.  The  FDR  data 
indicated  that  the  recorded  airspeed  values  were  within  44/-3  knots  of  the  targeted  airspeed  in  all 
conditions  except  one — at  170  knots  with  a  left  sideslip  condition,  the  FDR-recorded  airspeed 
was  6  knots  higher  than  the  targeted  airspeed  and  the  airspeeds  indicated  by  the  flightcrew’s 
instruments. 


Although  there  were  no  sensor  discrepancies  noted  during  the  FDR  system  check 
on  December  27,  1997,  when  the  Safety  Board  reviewed  the  FDR  from  the  incident  airplane, 
several  discrepancies  were  noted.  The  rudder  pedal  position  parameter  contained  numerous  data 
dropouts,  and  the  CWP  parameter  recorded  a  constant  value  throughout  the  entire  incident  flight; 
these  anomalous  data  indicate  that  the  sensors  for  these  parameters  were  malfunctioning  or 
improperly  installed. 


1.18.3  Accident-Related  Safety  Board  Recommendations  (A-97-31  through  -34)  and 

FAA  Actions  (Notice  of  Proposed  Rulemaking  97-NM-46-AD  and 
Airworthiness  Directive  97-26-06) 

The  FAA  partially  addressed  some  of  the  issues  discussed  during  the  March  13, 
1997,  meeting  (see  section  1.18.2.3)  in  its  May  7,  1997,  NPRM  Docket  97-NM-46-AD,  in  which 
the  FAA  required  the  installation  and  use  of  ice  detection  equipment  on  EMB-120  airplanes, 
required  EMB-120  operators  to  adjust  their  leading  edge  deicing  boot  operation  procedures,  and 
identified  a  minimum  airspeed  for  operating  in  icing  conditions.  Further,  as  a  result  of  this 
accident  and  the  six  previous  EMB-120  icing-related  events,  on  May  21,  1997,  the  Safety  Board 
issued  Urgent  Safety  Recommendations  A-97-31  through  -34  to  the  FAA.  The  recommendation 
letter  stated  the  following,  in  part: 

Information  from  the  CVR  indicates  that  the  flightcrew  activated  the  anti-ice 
equipment  for  windshield,  propellers,  pitot  tubes,  angle-of-attack  vanes, 
sideslip  angle  vane,  and  total  air  temperature  probes.  There  is  no  evidence 
from  the  CVR,  FDR,  performance  of  the  aircraft,  or  aircraft  wreckage  to 
determine  if  the  flightcrew  activated  the  de-icing  boots.  These  facts  and  the 
airplane’s  degraded  aerodynamic  performance  strongly  suggest  that  ice  had 
accumulated  on  the  airframe,  but  may  not  have  been  seen  or  recognized  as  a 
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hazard  by  the  flightcrew  of  Comair  3272. 

The  NPRM  addresses  many  of  the  safety  issues  discussed  in  this  letter.  The 
Safety  Board  is  evaluating  whether  the  proposed  160  KIAS  minimum  airspeed 
in  icing  conditions  is  appropriate,  and  if  the  single  speed  adequately  addresses 
the  intent  of  what  would  have  been  our  first  recommendation:  that  is,  for 
FA  A  to  approve  for  inclusion  in  Embraer’s  EMB-120  airplane  flight  manual 
minimum  airspeeds  for  all  flap  settings  and  phases  of  flight,  including  flight  in 
icing  conditions. 

Therefore,  the  urgent  safety  recommendations  asked  the  FAA  to  do  the  following: 

Require  air  carriers  to  reflect  FAA-approved  minimum  airspeeds  for  all  flap 
settings  and  phases  of  flight,  including  flight  in  icing  conditions,  in  their 
EMB-120  operating  manuals.  (A-97-31) 

Ensure  that  the  de-icing  information  and  procedures  in  air  carrier’s  EMB-120 
operating  manuals  and  training  programs  are  consistent  with  the  revised 
Embraer  EMB-120  airplane  flight  manual.  (A-97-32) 

Direct  principal  operations  inspectors  (POIs)  to  ensure  that  all  EMB-120 
operators  provide  flightcrews  with  training  that  emphasizes  the  recognition  of 
icing  conditions  and  the  need  to  adhere  to  the  procedure  for  using  de-ice  boots 
that  is  specified  in  the  revised  Embraer  EMB-120  airplane  flight  manual. 
(A-97-33) 

Require  that  all  EMB-120  aircraft  be  equipped  with  automated  ice  detection 
and  crew  alerting  systems  for  detecting  airframe  ice  accretion.  (A-97-34) 

On  June  18,  1997,  the  FAA  responded  to  Safety  Recommendations  A-97-31 
through  -34,  indicating  actions  that  the  FAA  was  taking  in  regard  to  the  recommendations.  In  the 
June  18,  1997,  letter,  the  FAA  said  that  it  would  ensure  that  EMB-120  operating  manuals  and 
pilot  training  programs  reflected  any  changes  that  might  result  from  the  NPRM  and  that  training 
programs  would  emphasize  the  requirements  of  activation  of  ice  protection  systems.  On  July  1, 
1997,  the  Safety  Board  commented  on  NPRM  97-NM-46-AD,  and  on  September  30,  1997,  the 
Safety  Board  answered  the  FAA’s  June  18,  1997,  letter.  In  its  September  1997  letter,  the  Safety 
Board  identified  some  shortcomings  in  the  NPRM  and  in  the  FAA’s  June  18,  1997,  letter  and 
stated  that  “the  NPRM  does  not  address  several  key  issues  raised  in  the  Board’s 
recommendations.”  Further,  the  Safety  Board  expressed  concern  that  additional  intercycle  icing 
tests  “may  show  that  a  higher  minimum  airspeed  is  required  to  provide  an  adequate  safety 
margin.  It  is  also  not  clear  if  the... NPRM  establishes  appropriate  minimum  speeds  for  all  flap 
settings  and  phases  of  flight.”  The  Safety  Board  also  stated  that  “all  EMB-120  pilots  need  to  be 
provided  updated  manuals  and  training  to  unlearn  old  habits  and  to  emphasize  the  new  de-icing 
procedures.”  As  a  result  of  the  shortcomings  in  the  FAA’s  June  18,  1997,  response  letter  and  the 
NPRM  and  pending  clarification  of  the  FAA’s  planned  actions,  the  Safety  Board  classified 
Safety  Recommendations  A-97-31  through  -33  “Open — Await  Response.” 
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The  Safety  Board’s  response  letter  to  the  FAA  strongly  supported  the  FAA’s 
action  requiring  all  EMB-120  operators  to  install  ice  detection/alerting  systems  and  make 
appropriate  revisions  to  their  manuals,  and  based  on  the  actions  described  in  the  NPRM,  the 
Safety  Board  classified  Safety  Reconunendation  A-97-34  “Open — Acceptable  Response.” 

The  issues  contained  in  the  FAA’s  May  7,  1997,  NPRM  were  subsequently 
addressed  on  December  19,  1997,  when  the  FAA  issued  AD  97-26-06.  This  AD  partially 
responded  to  the  Safety  Board’s  Safety  Recommendations  A-97-31  through  -34.  The  AD  was 
issued  with  an  effective  date  of  January  23,  1998,  and  stated  the  following: 

This  amendment  adopts  a  new  airworthiness  directive  (AD),  applicable  to  all 
EMBRAER  Model  EMB-120  series  airplanes,  that  requires  revising  the 
Airplane  Flight  Manual  (AFM)  to  include  requirements  for  activation  of  the 
ice  protection  systems,  and  to  add  information  regarding  operation  in  icing 
conditions.  This  amendment  also  requires  installing  an  ice  detector  system 
and  revising  the  AFM  to  include  procedures  for  testing  system  integrity.  This 
amendment  is  prompted  by  reports  indicating  that  flightcrews  experienced 
difficulties  controlling  the  airplane  during  (or  following)  flight  in  normal  icing 
conditions,  when  the  ice  protection  system  either  was  not  activated  when  ice 
began  to  accumulate  on  the  airplane,  or  the  ice  protection  system  was  never 
activated.  These  difficulties  may  have  occurred  because  the  flightcrews  did 
not  recognize  that  a  significant  enough  amount  of  ice  had  formed  on  the 
airplane  to  require  activation  of  the  deicing  equipment.  The  actions  specified 
by  this  AD  are  intended  to  ensure  that  the  flightcrew  is  able  to  recognize  the 
formation  of  significant  ice  accretion  and  take  appropriate  action;  such 
formation  of  ice  could  result  in  reduced  controllability  of  the  airplane  in 
normal  icing  conditions. 

In  part,  the  AD  required  Embraer  and  EMB-120  operators  to  revise  the  EMB-120 
AFM  to  state  that  when  atmospheric  icing  conditions  exist,  flightcrews  should  activate  the 
leading  edge  ice  protection  system  “at  the  first  sign  of  ice  formation  anywhere  on  the  aircraft,” 
perform  daily  checks  of  the  ice  detection  system,  and  maintain  a  minimum  airspeed  (with  flaps 
and  landing  gear  retracted)  of  160  knots.  The  AD  further  required  operators  to  “[wjithin  10 
months  after  the  effective  date  of  this  AD,  install  an  ice  detector  in  accordance  with  EMBRAER 
SB  No.  120-30-0027,  dated  May  9,  1997.”’^*  Excerpts  from  the  AD  stated  the  following: 

—During  flight,  monitoring  for  icing  conditions  should  start  whenever  the 
indicated  outside  air  temperature  is  near  or  below  freezing  or  when  operating 
into  icing  conditions,  as  specified  in  the  Limitations  Section  of  this  manual. 


In  March  1998,  during  a  followup  visit  to  Comair’s  facilities  in  Cincinnati,  investigators 
examined  several  of  Comair’s  EMB-120s;  all  of  the  airplanes  examined  had  the  ice  detection  system  installed  and 
operational.  Full  compliance  with  the  ice  detector  portion  of  the  AD  is  required  by  October  1998. 
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-When  operating  in  icing  conditions,  the  front  windshield  comers  (unheated 
areas),  propeller  spinners,  and  wing  leading  edges  will  provide  good  visual 
cues  of  ice  accretion. 

-For  airplanes  equipped  with  an  ice  detection  system,  icing  conditions  will 
also  be  indicated  by  the  illumination  of  the  ICE  CONDITION  light  on  the 
multiple  alarm  panel. 

Visually  evaluate  the  severity  of  the  ice  encounter  and  the  rate  of  accretion  and 
select  light  or  heavy  mode  [3  minute  or  1  minute  cycle,  respectively]  based  on 
this  evaluation. 

Increase  approach  and  landing  speeds... until  landing  is  assured.  Reduce 
airspeed  to  cross  runway  threshold  at  Vref: 

Flaps  15 — Increase  Speed  by  10  KIAS... 

Flaps  25 — Increase  Speed  by  10  KIAS... 

Flaps  45 — Increase  Speed  by  5  KIAS .... 

CAUTION:  The  ice  protection  systems  must  be  turned  on  immediately 
(except  leading  edge  de-icers  during  takeoff)  when  the  ICE  CONDITION  light 
illuminates... or  when  any  ice  accretion  is  detected  by  visual  observation  or 
other  cues. 

CAUTION:  Do  not  interrupt  the  automatic  sequence  of  operation  of  the 
leading  edge  de-ice  boots  once  it  is  turned  ON.  The  system  should  be  turned 
OFF  only  after  leaving  the  icing  conditions  and  after  the  protected  surfaces  of 
the  wing  are  free  of  ice. 

On  July  8,  1998,  based  on  the  actions  taken  by  the  FAA,  the  Safety  Board 
classified  Safety  Recommendation  A-97-34  “Closed — Acceptable  Action.” 

On  August  13,  1998,  the  FAA  issued  a  flight  standards  information  bulletin 
(FSIB)  to  “ensure  that  [NTSB]  Safety  Recommendations  A-97-31,  A-97-32,  and  A-97-33 
concerning  the  Embraer  EMB-120  airplane  have  been  addressed.”  Based  on  the  actions  taken  in 
AD  97-26-06,  and  pending  a  thorough  review  of  the  FSIB,  Safety  Recommendations  A-97-31 
through  -33  are  classified  “Open — Acceptable  Response.” 


1.18.4  Previous  Icing-Related  Recommendations  and  Information 

The  Safety  Board’s  concern  about  the  hazards  of  operating  airplanes  in  icing 
conditions  dates  back  more  than  20  years.  On  September  9,  1981,  following  a  series  of  accidents 
that  involved  in-flight  icing  encounters,  the  Safety  Board  published  a  report  entitled  “Aircraft 
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Icing  Avoidance  and  Protection,” which  included  six  safety  recommendations  regarding  icing- 
related  issues.  The  Board’s  report  stated,  in  part,  that  the  “icing  criteria  for  aircraft  certification 
as  defined  in  14  CFR  25  are  based  upon  research  done  by  NASA  in  the  late  1950’s  with  the 
transport  aircraft  of  that  period.  Although  the  results  of  this  research  and  the  ensuing  practices 
and  regulations  that  came  out  of  it  are  still  basically  valid,  there  have  been  changes  in  aircraft, 
deicing/anti-icing  equipment,  and  improvements  in  the  instruments  used  to  measure  atmospheric 
icing  parameters.”  As  a  result,  one  of  the  recommendations  issued  by  the  Safety  Board  was 
Safety  Recommendation  A-81-1 16,  which  recommended  that  the  FAA  do  the  following; 

Review  the  icing  criteria  published  in  14  CFR  Part  25  in  light  of  both  recent 
research  into  aircraft  ice  accretion  under  varying  conditions  of  liquid  water 
content,  drop  size  distribution,  and  temperature,  and  expand  the  certification 
envelope  to  include  freezing  rain  and  mixed  water  droplet/ice  crystal 
conditions,  as  necessary. 

In  the  years  since  that  report  was  published,  the  Safety  Board  has  issued  numerous 
additional  safety  recommendations  regarding  icing  operations  issues.  The  recommendations 
have  addressed  issues  such  as  icing  standards  for  aircraft  certification,  weather 
forecasting/dissemination,  aircraft  performance  in  icing  conditions,  and  methods  for  flightcrews 
to  positively  determine  when  they  are  in  icing  conditions  that  exceed  the  limits  for  aircraft 
certification.  Despite  these  efforts,  icing-related  incidents  and  accidents  continue  to  occur. 
Based  on  its  concerns,  the  Safety  Board  included  this  safety  issue  when  it  adopted  the  “Most 
Wanted”  Transportation  Safety  Improvements  program  in  1990.  The  issue  continues  to  be 
included  on  the  “Most  Wanted”  list. 

As  a  result  of  the  recommendations  included  in  the  Safety  Board’s  “Aircraft  Icing 
Avoidance  and  Protection”  report,  in  1982  the  FAA  published  a  report  entitled,  “A  Report  on 
Improving  Forecasts  of  Icing  Conditions  for  Aviation.”  Further,  the  Aircraft  Icing  Program 
Counsel  was  established  in  1984  to  continue  the  study  of  icing  forecast  methods.  In  1986,  the 
FAA  published  another  report  entitled,  “National  Aircraft  Icing  Technology  Plan,”  which  also 
addressed  the  improved  aircraft  icing  detection  technologies  on  current  generation  aircraft.  This 
plan  also  promoted  the  development  of  aircraft  ice  detection  technology  that  would  be  needed  by 
1995  to  meet  the  goals  set  for  the  new  generation  of  aircraft  that  were  in  development.  (Details 
of  the  FAA’s  current  three-phase  plan  are  addressed  in  section  1.18.4.1.) 

Although  the  FAA’s  various  reports  and  actions  indicate  an  inclination  towards  a 
favorable  response,  over  time,  not  all  of  the  FAA’s  actions/responses  were  favorable.  For 
example,  the  Safety  Board  considered  the  FAA’s  initial  response  to  Safety  Recommendation  A- 
81-116  to  be  unfavorable,  and,  in  1983,  classified  it  “Open — Unacceptable  Response.” 
However,  in  1986,  the  FAA  sent  a  followup  letter  to  the  Safety  Board,  which  stated  that  it  had 
“reconsidered  the  issue  of  considering  freezing  rain  and  drizzle  as  a  criterion  of  aircraft  for  flight 
in  icing  conditions.  ...current  research  and  development  efforts... will  provide  the  data  needed  to 
form  a  basis  for  determining  the  feasibility  of  any  rulemaking  action.”  As  a  result  of  the  FAA’s 


See  National  Transportation  Safety  Board.  1981.  Aircraft  Icing  Avoidance  and  Protection, 
September  9,  1981.  Safety  Report  NTSB-SR-8 1-1.  Washington,  DC. 
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reconsideration  and  pending  the  Board’s  review  of  the  final  action  taken  by  the  FAA,  in  March 
1987,  the  Safety  Board  classified  Safety  Recommendation  A-81-116  “Open — Acceptable 
Response.”  Additional  correspondence  between  the  FAA  and  the  Safety  Board  resulted  in  Safety 
Recommendation  A-81-116  being  reclassified  “Open — Unacceptable  Response”  in  April  1990. 

In  May  11,  1994,  the  Manager  of  the  FAA’s  Small  Airplane  Directorate,  Aircraft 
Certification  Service  issued  a  memo  to  the  Manager  of  the  Aircraft  Engineering  Division,  in 
which  he  stated,  “[w]e  understand  that  continued  research  on  freezing  rain  and  freezing  drizzle 
may  be  discontinued  for  lack  of  apparent  support.  I  believe  there  is  a  need  for  this  work  and 
request  consideration  be  given  to  continuation  of  that  work  as  resources  and  competing  projects 
allow.”  The  memo  addressed,  in  part,  the  need  for  expanding  the  Part  25  appendix  C  icing 
envelope  to  include  SLD  and  other  known  critical  icing  conditions  and  stated  the  following: 
“We  do  not  see  abatement... of  susceptibility  to  this  hazard.  There  is  substantial  interest  in  the 
international  community  in  this  subject....!  believe  a  rational  research  and  development  effort 
leading  toward  a  better  understanding  of  the  environment  is  appropriate.”  On  September  8, 
1994,  the  Manager  of  the  Aircraft  Engineering  Division  responded  in  a  memo,  stating, 
“[cjonsidering  the  research  resources  and  desire  for  less  regulations,  this  does  not  appear  to  be  a 
program  that  should  be  supported  at  this  time.”  The  Safety  Board  received  additional 
correspondence  from  the  FAA  regarding  Safety  Recommendation  A-81-116  on  September  16, 
1994,  which  stated  the  following,  in  part: 

The  FAA  has  reviewed  the  research  and  development  projects  that  have  been 
conducted  on  various  icing  issues  and  especially  with  respect  to  the  adequacy 
of  the  icing  criteria  published  in  14  CFR  Part  25. ...The  FAA  has  concluded 
that  the  icing  criteria  published  in  14  CFR  Part  25  is  adequate  with  respect  to 
the  issues  outlined  in  Safety  Recommendation  A-81-1 16. 

The  FAA’s  correspondence  further  stated  the  following: 

The  FAA  has  put  in  place  major  programs  in  recent  years  which  have 
addressed  various  anti-ice  and  deicing  issues.  At  the  same  time  the  FAA  has 
sponsored  or  collaborated  on  numerous  icing  programs... However,  none  of 
this  work  has  established  the  foundation  or  justification  to  revise  14  CFR  Parts 
25,  91,  or  135. 

Forty-five  days  after  the  Safety  Board  received  the  FAA’s  letter,  on  October  31, 
1994,  the  ATR-72  accident  occurred  at  Roselawn,  Indiana.  On  July  12,  1995.,  the  Safety  Board’s 
response  letter  to  the  FAA  stated  the  following: 

In  light  of  the  accident  on  October  31,  1994... in  which  structural  icing  may 
have  been  involved,  the  Safety  Board  believes  the  issue  of  icing  criteria,  as 
related  to  the  design  and  use  of  transport-category  aircraft,  warrants 
reexamination  by  the  FAA  and  the  aviation  industry.  ...the  Safety  Board 
classifies  Safety  Recommendation  A-81-1 16. ..“Open — Unacceptable 
Response,”  pending  further  action  by  the  FAA  on  this  matter. 
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On  August  28,  1995,  the  FA  A  responded,  stating  the  following,  in  part: 

The...FAA  has  taken  actions  to  address  the  ATR  72  aircraft  design  and 
operation  in  icing  conditions.  ...[and]  is  currently  evaluating  similar  aircraft 
designs  to  ensure  there  are  no  adverse  characteristics  when  operating  in  icing 
conditions.  The  final  phase  of  this  evaluation  is  to  review  the  current 
certification  requirements,  applicable  operating  regulations,  and  forecasting 
methodologies  associated  with  ice  under  varying  environmental  conditions. 
The  FA  A  plans  to  conduct  an  international  meeting  in  the  spring  of  1996  with 
representatives  from  airworthiness  authorities,  the  aviation  industry,  the 
NTSB,  and  other  interested  parties.  This  meeting  will  include  a 
comprehensive  review  of  all  aspects  of  airworthiness  when  operating  in  icing 
conditions  and  determine  where  changes  or  modifications  can  be  made  to 
provide  an  increased  level  of  safety. 

The  Safety  Board  responded  to  the  FAA  on  November  20,  1995,  and  indicated 
that  although  the  Board  supported  the  FAA’s  multi-phase  plan  to  address  icing  concerns,  the 
Safety  Board  was  disappointed  that  the  FAA  did  not  amend  the  icing  certification  regulations  as 
recommended  by  the  Board  in  1981.  The  Safety  Board  reclassified  Safety  Recommendation  A- 
81-116  Closed  ^Unacceptable  Action/Superseded”  and  superseded  it  by  issuing  Safety 
Recommendation  A-96-54  (issued  with  the  Board’s  ATR-72  accident  report)  to  the  FAA,  which 
stated  the  following: 

Revise  the  icing  criteria  published  in  14...CFR  Parts  23  and  25,  in  light  of 
both  recent  research  into  aircraft  ice  accretion  under  varying  conditions  of 
liquid  water  content,  drop  size  distribution,  and  temperature,  and  recent 
developments  in  both  the  design  and  use  of  aircraft.  Also,  expand  Appendix 
C  icing  certification  envelope  to  include  freezing  drizzle/freezing  rain  and 
mixed  water/ice  crystal  conditions,  as  necessary. 

On  October  30,  1996,  the  FAA  responded,  stating  that  it  would  assign  an  ARAC 
working  group  the  task  of  developing  certification  criteria  for  the  safe  operation  of  airplanes  in 
icing  conditions  that  are  not  covered  by  the  current  certification  envelope.  It  further  stated  that 
“pending  availability  of  funds,”  the  FAA  would  support  a  research  effort  to  gather  SLD  data; 
lead  an  effort  to  collect,  consolidate,  and  analyze  existing  SLD  data;  and  undertake  a  study  to 
determine  the  magnitude  of  the  hazard  posed  by  operations  in  mixed-phase  icing  conditions.  On 
August  20,  1997,  the  Safety  Board  stated  that  it  “strongly  encourages  the  FAA  to  make  every 
effort  to  fund  these  important  in-flight  icing  research  projects.”  Pending  completion  of  the 
aforementioned  actions,  the  Board  classified  A-96-54  “Open — Acceptable  Response.” 

The  FAA  responded  again  on  July  1,  1998,  stating  that  the  agency  has  tasked  the 
ARAC  to  form  an  Ice  Protection  Harmonization  Working  Group.  In  October  1997,  the  ARAC 
approved  a  terms  of  reference  document  (published  in  the  Federal  Register  on  December  8, 
1997)  that  identified  several  tasks  assigned  to  the  Ice  Protection  Harmonization  Working  Group. 
One  of  the  identified  tasks  stated,  “define  an  icing  environment  that  includes  [SLD],  and  devise 
requirements  to  assess  the  ability  of  aircraft  to  safely  operate  either  for  the  period  of  time  to 
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exit  or  to  operate  without  restriction  in  SLD  aloft,  in  SLD  at  or  near  the  surface  and  in  mixed 
phase  conditions  if  such  conditions  are  determined  to  be  more  hazardous  than  the  liquid  phase 
icing  environment  containing  supercooled  water  droplets.” 


The  FAA  further  stated  that  data  from  the  following  research  activities  will  be 
provided  to  the  Ice  Protection  Harmonization  Working  Group  in  support  of  the  identified  task  to 
define  an  icing  environment: 


1.  A  research  effort  to  gather  SLD  data  in  the  Great  Lakes  region  was 
accomplished  during  the  winters  of  1996-1998.  The  data  from  this  effort  are 
to  be  analyzed  and  forwarded  to  the  ARAC  working  group  in  the  second 
quarter  of  fiscal  year  (FY)  1999. 

2.  An  effort  to  collect,  consolidate,  and  analyze  existing  SLD  data  is  underway. 
The  FAA  plans  to  provide  the  results  of  this  effort  to  the  ARAC  in  the  first 
quarter  of  FY  1999. 

3  The  FAA  completed  a  draft  report,  which  surveys  publicly  available  evidence 
bearing  on  the  possible  safety  hazards  posed  by  operation  in  mixed-phase 
conditions.  The  FAA  plans  to  provide  ARAC  with  a  final  report  in  the  third 
quarter  of  FY  1998. 


The  FAA  stated  that  it  would  keep  the  Board  informed  of  its  progress.  Based  on 
the  FAA’s  continued  efforts  to  work  with  its  ARAC  on  this  issue.  Safety  Recommendation 
A-96-54  remains  classified  “Open — Acceptable  Response.” 


The  Safety  Board  also  issued  Safety  Recommendation  A-96-56  in  the  ATR-72 
report,  which  stated  the  following: 

Revise  the  icing  certification  testing  regulation  to  ensure  that  airplanes  are 
properly  tested  for  all  conditions  in  which  they  are  authorized  to  operate,  or 
are  otherwise  shown  to  be  capable  of  safe  flight  into  such  conditions.  If  safe 
operations  cannot  he  demonstrated  by  the  manufacturer,  operational 
limitations  should  be  imposed  to  prohibit  flight  in  such  conditions  and 
flightcrews  should  be  provided  with  the  means  to  positively  determine  when 
they  are  in  icing  conditions  that  exceed  the  limits  for  aircraft  certification. 


On  October  30,  1996,  the  FAA  responded,  stating  that  although  it  did  not  believe 
that  the  icing  certification  regulations  needed  to  be  changed  for  operation  in  icing  conditions 
defined  by  Part  25  appendix  C,  it  acknowledged  that  airplanes  may  encounter  icing  conditions 
outside  the  Part  25  appendix  C  envelope,  for  which  there  are  no  established  certification  catena. 
The  FAA’s  response  indicated  that  the  ARAC  working  group  would  be  tasked  to  consider 
development  of  a  regulation  that  requires  the  installation  of  ice  detectors,  aerodjmamic 
performance  monitors,  or  another  acceptable  means  to  warn  flightcrews  of  ice  accumulation  on 
critical  surfaces.  On  August  20, 1997,  the  Safety  Board  stated  that  “such  devices  would  provide 
a  reliable  means  for  flightcrews  to  assess  in-flight  conditions  to  positively  determine  when  t  ey 
are  flying  in  icing  conditions  that  may  be  beyond  the  airplane’s  capabilities  or  exceed 
certification  limits.”  Pending  completion  of  the  FAA’s  planned  actions,  the  Safety  Board 
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classified  Safety  Recommendation  A-96-56  “Open — Acceptable  Response.” 


1.18.4.1  FAA’s  Multi-Phase  Plan  to  Address  Icing-Related  Concerns 

As  a  result,  in  part,  of  the  previously  discussed  Safety  Board  recommendations, 
increased  industry  concerns  regarding  the  hazards  of  severe  icing  after  the  Roselawn  accident, 
and  its  own  concerns,  the  FAA  initiated  a  program  to  address  icing-related  issues.  In  May  1996, 
the  FAA  held  a  conference  on  in-flight  icing;  in  October  1996,  the  FAA  published  its  “In-Flight 
Icing  Product  Development  Plan:  FY97  &  FY98,”  and  in  April  1997,  the  FAA  published  its 
“...Inflight  Aircraft  Icing  Plan.”  (Excerpts  from  the  FAA’s  Inflight  Aircraft  Icing  Plan  are 
included  in  appendix  I.)  According  to  FAA  personnel,’^®  the  program  was  structured  as  follows: 

•  Phase  I — remedy  problems  in  the  [ATR-42/-72]  airplane  type. 

•  Phase  n — screen  other  airplane  types  similar  to  the  [ATR-42/-72]  for 
susceptibility  to  roll  upset  in  severe  icing  and  correct  susceptible  airplanes.... 

•  Phase  in — re-examine  all  aspects  of  icing  certification,  including  the  large- 
droplet  environment,  weather  forecasting,  crew  training,  and  aircraft 
operation. 

According  to  the  FAA,  Phase  I  was  completed  by  the  following  means:  (1)  all 
ATR-42/-72  airplanes  are  now  equipped  with  extended  deicing  boots  (nearly  doubling  the 
coverage  on  the  upper  surface  of  the  outer  wings)  to  minimize  the  hazard  during  inadvertent 
exposure  to  SLD  icing  conditions,  (2)  visual  cues  were  identified  to  help  pilots  detect  when  the 
airplane  is  operating  in  SLD  icing  conditions  (after  ATC  has  been  advised  that  SLD  icing  is 
identified,  they  are  required  to  expedite  the  airplane’s  egress  from  those  conditions),  and  (3) 
pilots  are  required  to  turn  the  autopilot  off  while  operating  in  SLD  icing  conditions. 

During  Phase  n  the  FAA  examined  the  lateral  controllability  characteristics 
(handling  qualities,  control  wheel  forces)  of  turbopropeller-driven  airplanes  that  have  pneumatic 
deicing  boots  and  unpowered  ailerons  and  are  used  in  scheduled  passenger  service  (19  airplane 
models,  including  the  EMB-120),  to  determine  whether  they  were  susceptible  to  roll  upsets  when 
operating  in  SLD  icing  conditions.  According  to  the  FAA’s  Inflight  Aircraft  Icing  Plan 
(published  in  April  1997),  in  April  1996,  the  FAA  issued  18  ADs  requiring  the  revision  of 
operators’  flight  manuals  to  provide  flightcrews  with  recognition  cues  for,  and  procedures  for 
exiting  from,  SLD  icing  conditions. 

Phase  in  of  the  FAA’s  program  was  intended  to  encompass  all  aircraft  and  the 
freezing  rain/freezing  drizzle  environment  (and  has  since  been  expanded  to  include  “sandpaper- 


This  information  was  presented  to  the  Safety  Board  during  a  January  1998  meeting  held  at  the 
Safety  Board’s  headquarters  in  Washington,  D.C.  The  information  is  also  addressed  in  the  previously  discussed 
article  entitled  “Pilots  Can  Minimize  the  Likelihood  of  Roll  Upset  in  Severe  Icing.”  (See  section  1.18.1.) 

The  FAA’s  Inflight  Aircraft  Icing  Plan  states  that  the  FAA  will  propose  similar  rulemaking  to 
address  these  issues  for  Part  25  and  Part  23  airplanes  that  have  not  been  addressed  in  the  previous  ADs;  the  FAA 
published  final  ADs  in  this  area  in  1998. 
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type”  icing  conditions,  which  fall  within  Part  25  appendix  C,  but  have  not  typically  been 
represented  during  certification  flight  tests).  Phase  HI  was  intended  to  bring  icing  experts 
together  to  review  available  data,  determine  what  changes  need  to  be  made,  and  develop  plans 
and  tasks  to  enact  those  changes.  This  phase  was  initiated  at  an  FAA-sponsored  conference  in 
May  1996,  during  which  six  areas  were  identified  for  additional  research  and  revisions;  these  six 
areas  included  1)  operations  regulations,  procedures,  and  guidance  material;  2)  forecasting  and 
in-flight  detection  of  icing  conditions;  3)  certification  regulations  and  guidance  materials;  4) 
icing  simulation  methods;  5)  ice  accretion  and  its  effects  on  performance/stability  and  control; 
and  6)  SLD  characterization  and  mixed  phase  icing  conditions  assessment.  Some  of  the  work 
areas  had  projected  completion  dates  extending  beyond  the  year  2000. 

In  January  1998,  the  FAA’s  Environmental  Icing  NRS  briefed  Safety  Board 
personnel  regarding  the  status  of  various  activities  described  in  the  FAA’s  April  1997  Inflight 
Aircraft  Icing  Plan  (Phase  III  work),  which  he  summarized  as  follows: 

•  Operations  regulations,  procedures,  and  guidance  material — Proposed  changes 
to  procedures  regarding  flightcrew  activation  of  ice  protection  systems  raised 
questions  concerning  bridging;  the  FAA  and  NASA  co-sponsored  a  bridging 
conference;  work  in  this  area  will/may  result  in  changes  in  pilot  training, 
procedural  guidance  contained  in  company  manuals,  ATC  priorities,  autopilot 
usage,  etc.  (The  bridging  conference  will  be  discussed  in  more  detail  in 
section  1.18.4.2.) 

•  Weather  forecasting  and  in-flight  detection  of  icing  conditions — Weather 
research  is  being  conducted  in  many  areas,  with  goals  of  improving  weather 
predicting  capabilities  (optimally,  to  provide  5  minute  advance  notification  for 
flightcrews)  and  to  better  define  weather  conditions. 

•  Certification  regulations  and  guidance  materials — FAA  personnel  are,  in  part: 
reviewing  airplane  icing  certification  requirements,  attempting  to  determine 
whether  they  need  to  require  ice  detection  equipment  on  all  airplanes, 
reviewing  autopilot  disconnect  systems  on  airplanes.  The  FAA  is  developing 
an  advisory  circular  to  provide  guidance  regarding  the  susceptibility  of  a 
horizontal  tail  to  stall.  The  FAA  is  also  developing  advisory  circulars  and 
rulemaking  to  address  icing  certification  changes  to  Part  23/25  and  appendix 
C. 

•  Icing  simulation/modeling  methods — The  FAA  is  working  to  ensure  that  the 
computer  coding/programming  used  for  engineering  simulations  are  valid  and 
reliable,  and  that  the  ice  shapes  and  airfoils  used  in  wind  tunnel  testing  reflect 
real-world  conditions — dynamic  conditions  (changes  in  angle  of  attack,  flow 
separations,  etc.)  on  wings  with  flight  controls. 

•  Ice  accretion  (various  types  and  locations)  and  its  effects  on 
performance/stability  and  control — The  FAA  formed  working  groups  to 
examine  the  following:  1)  categories  of  ice  accretion  (including  sandpaper  ice, 
inter-cycle  ice,  rime  ice,  glaze  ice,  SLD  ice  accretions  beyond  the  predicted 
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impingement  area,  etc.),'^^  2)  manufacturers’  criteria  for  certification  ice 
shapes,  and  3)  to  research  the  effects  of  tailplane  icing  and  spanwise  accretion 
of  large  droplet  ice. 

•  SLD  characterization  and  mixed  phase  icing  conditions  assessment. 


1.18.4.2  FAA/NASA  Airplane  Deicing  Boot  Ice  Bridging  Workshop 

According  to  the  FAA’s  Environmental  Icing  NRS,  the  practice  of  early  activation 
of  deicing  boots  encountered  resistance  with  pilots  and  operators  around  the  world  because  of  the 
longstanding  theory  that  early  activation  of  leading  edge  deicing  boots  could  result  in  “ice 
bridging.”  According  to  FAA  and  NASA  icing  experts,  although  the  practice  of  delaying 
activation  of  the  ice  protection  system  until  ice  thicknesses  between  *4  inch  to  IV2  inches  had 
accumulated  did  not  result  in  ice  bridging,  that  practice  has  also  “contributed  to... losses  of 
airplane  performance  and  maneuver  margins,  departures  from  controlled  flight,  and  may  have 
contributed  to  one  or  more  accidents.” 

In  September  1995,  the  United  Kingdom  (U.K.)  Civil  Aviation  Authority  (CAA) 
published  a  safety  study  (paper  95007)  entitled  “Ice  Detection  for  Turboprop  Aircraft,”  which 
also  addressed  pilots’  concerns  regarding  ice  bridging,  and  stated  the  following,  in  part: 

Discussions  with  technical  personnel  employed  by  the  manufacturers  of 
pneumatic  de-icing  boots,  indicated  that  they  do  not  believe  that  ice  bridging 
occurs  for  turboprop  aircraft  with  fully  serviceable  boot  systems.  From  the 
interviews  with  pilots,  although  they  frequently  observed  residual  ice  on  the 
boots,  the  only  reported  ice  bridging  incident  happened  to  a  light  twin  piston 
engined  aircraft.  Piston  engined  aircraft  have  a  pneumatic  system  which 
operates  from  an  engine  driven  pump,  rather  than  engine  bleed  air.  This 
means  that  compared  to  a  turboprop  aircraft,  the  system  pressures  are  lower 
and  the  boot  inflation  times  are  longer.  These  differences  may  be  crucial  and 
may  explain  why  ice  bridging  does  not  appe^lr  to  occur  for  turboprop  aircraft. 

The  aviation  community  needs  to  decide  whether  or  not  ice  bridging  is  a  real 
possibility  for  turboprop  aircraft.  If  it  is  not,  the  need  for  accurate 
measurement  of  ice  thickness  disappears,  and  the  issue  becomes  one  of 
detecting  airframe  ice. 

Ice  bridging  may  still  be  a  problem  for  turboprop  aircraft  when  the  pressure  in 
the  de-icing  boots  [is]  low.  This  may  be  due  to  a  puncture/leak  in  the  system. 


A  representative  from  the  “Working  Group  on  Categories  of  Ice  Accretion”  gave  a  presentation 
at  a  June  1998  icing  conference  that  Safety  Board  staff  attended.  He  stated  that  the  group’s  charter  required  it  to 
“Develop  guidance  material,  working  methods,  and  recommendations  for  the  criticality  of  ice  accretion 
characteristics  on  aircraft  aerodynamic  performance  and  handling  qualities  useful  for  certification.”  He  stated  that 
the  group’s  work  would  “provide  the  basis  for  guidance  based  on  current  technology  and  knowledge,  as  well  as 
describe  research  that  could  improve  the  relevant  knowledge  base  and  technology.”  He  indicated  that  the  group’s 
goal  was  to  have  surveyed  and  assessed  the  available  data  and  complete  a  final  report  (published  by  the  FAA)  with 
recommendations  by  early  1999. 
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but  one  manufacturer  did  comment  on  the  difficulty  of  always  maintaining 
adequate  pressure  at  low  engine  pressure  settings  (e.g.  on  approach). 

If  ice  bridging  is  not  an  issue,  this  fact  should  be  communicated  to  pilots,  so 
that  the  recommended  ice  thicknesses  for  boot  operation  can  be  viewed  as 
approximate  rather  than  absolute.  In  addition,  if  ice  bridging  does  not  occur,  it 
may  then  be  possible  to  use  pneumatic  boots  on  turboprop  aircraft  as  anti¬ 
icing  devices.  However  use  as  an  anti-icing  system  will  increase  the  number 
of  boot  cycles  when  compared  with  use  as  a  de-icing  system. 

In  an  attempt  to  answer  the  questions  and  address  the  concerns  expressed  by  pilots 
and  operators  regarding  the  relative  hazards  of  ice  bridging  associated  with  activating  the  leading 
edge  deicing  boots  at  the  initial  detection  of  in-flight  icing,  in  November  1997,  the  FA  A  and 
NASA  co-sponsored  the  Airplane  Deicing  Boot  Ice  Bridging  Workshop,  an  industry  forum  for 
investigating  the  existence  of  the  ice  bridging  phenomenon. Evidence  presented  at  the 
workshop  indicated  that  concern  regarding  ice  bridging  in  turbopropeller-driven  airplanes 
appeared  to  be  based  on  “mjl;h  or  anecdotal  incidents,”  dating  back  to  earlier  deicing  boot 
designs  (which  typically  consisted  of  long,  larger-radius  tubes,  operated  at  slower 
inflation/deflation  speeds  and  lower  pneumatic  pressures)  or  based  on  experiences  in 
reciprocating  engine-driven  airplanes  (with  engine-driven  pumps  providing  pressure  to  operate 
deicing  boots).  Because  the  deicing  boots  installed  on  reciprocating  engine-driven  airplanes  and 
earlier  design  turbopropeller-driven  airplanes  might  have  contributed  to  ice  bridging  when  they 
were  activated  with  only  thin  layers  of  ice  accumulated,  pilots,  manufacturers,  and  operators 
began  to  allow  ice  to  accumulate  to  a  greater  thickness  before  activating  the  deicing  boots. 

According  to  the  information  presented  at  the  workshop,  there  is  no  factual 
evidence  that  bridging  is  a  problem  in  modem  turbine-powered  airplanes.  Modem  deicing  boots 
are  made  up  of  smaller  expansion  tube  segments,  which  are  inflated/deflated  at  faster  rates  and  at 
higher  air  pressures  (typically  operated  by  pneumatic  pressure  from  turbine  engine  bleed  air),  and 
appear  to  have  reduced  the  potential  for  ice  bridging.  Representatives  from  Embraer,  Cessna, 
and  Aerazur  (foreign  airplane  manufacturer)  presented  evidence  obtained  from  their  wind  tunnel 
and  flight  tests.  Based  on  the  data  developed  during  these  tests,  and  the  lack  of  reported 
instances  in  recent  history,  the  manufacturers  independently  concluded  that  ice  bridging  does  not 
appear  to  be  a  significant  hazard  for  turbopropeller-driven  aircraft  with  modem,  properly 
designed,  maintained,  and  operating  pneumatic  deicing  boot  systems.  The  airframe  and  deicing 
boot  manufacturers  reported  that  deicing  boots  activated  at  the  onset  of  ice  accumulation  were 
capable  of  shedding  ice  effectively;  further,  they  noted  that  any  ice  that  was  not  shed  during  the 
initial  inflation  cycle  would  simply  continue  to  increase  in  thickness  and  shed  with  subsequent 
inflation  cycles.  Additionally,  B.F.  Goodrich  personnel  stated  that  “if  the  de-icers  are  activated 
when  ice  thickness  is  less  than  the  recommended  thickness,  the  shed  will  not  be  as  clean  (by 
area).  However,  even  if  this  occurs,  the  ice  layer  will  eventually  shed.” 

The  Airplane  Deicing  Boot  Ice  Bridging  Workshop  was  conducted  in  Cleveland,  Ohio,  on 
November  18,  1997.  Attendees  included  representatives  from  the  FAA,  NTSB,  NASA,  UIUC,  Wichita  State 
University,  Transport  Canada  Aviation,  ALFA,  Comair,  AMR  Eagle,  Inc.,  de  Havilland  Inc.,  Aerazur,  Aerospatiale 
Aircraft  Division,  CASA,  Embraer,  Cessna  Aircraft,  Mitsubishi  Heavy  Industries,  Boeing,  SAAB  Aircraft  of 
America,  Raytheon  Aircraft  Company,  Innovative  Dynamics,  Inc.,  and  B.F.  Goodrich. 
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B.F.  Goodrich  personnel  further  stated  that  they  had  seen  no  indication  of  ice 
bridging  during  wind  tunnel  and  natural  icing  tests  with  modem  pneumatic  deicing  boots  and 
concluded  that  “classical  ice  bridging  may  be  extremely  ‘rare’  or  may  not  exist  as  traditionally 
defined.”  However,  they  cautioned  that  deicing  boot  system  maintenance  was  critical  to  ensure 
optimum  ice  removal  performance*®"*  and  that  each  airplane  and  flight  condition  (airspeed, 
temperature,  moisture  content,  AOA,  etc.)  was  unique. 

Despite  the  lack  of  evidence  that  ice  bridging  is  a  problem  in  modem 
turbopropeller-driven  aircraft,  the  FAA’s  EMB-120  Aircraft  Certification  Program  Manager  and 
Environmental  Icing  NRS  indicated  that  many  pilots  and  operators  have  deeply  ingrained  beliefs 
that  they  should  delay  deicing  boot  activation  to  avoid  ice  bridging.  The  FAA’s  EMB-120 
Aircraft  Certification  Program  Manager  stated  that  initially,  even  within  FAA  ACO  and  AEG 
personnel,  the  deicing  boot  procedural  change  was  controversial  because  of  ice  bridging 
concerns.  She  told  Safety  Board  staff  that  before  revision  43  was  approved  by  the  FAA/CTA, 
there  were  many  discussions  and  debates  regarding  the  procedural  change;  however,  after  talks 
with  Embraer,  B.F.  Goodrich,  and  other  industry  personnel  eased  those  concerns,  the  FAA 
approved  revision  43.  In  addition,  recent  (spring  1998)  discussions  with  ALP  A  and  other  EMB- 
120  pilots  indicated  that  many  pilots  may  still  be  resistant  to  the  deicing  boot  procedural  change. 
According  to  the  FAA’s  Environment  Icing  NRS,  the  FAA,  NASA,  and  ALPA  are  organizing  an 
industry-wide  pilot  training  campaign  in  an  attempt  to  update  the  pilots’  (and  operators’) 
perceptions  and  understanding  regarding  the  ice  bridging  phenomenon  and  safe  deicing  boot 
procedures. 


1.18.5  Previous  Safety  Board  Recommendations  Regarding  Autopilot- 
Related  Upset  Events 

During  the  past  15  years,  the  Safety  Board  has  made  several  safety 
recommendations  to  the  FAA  regarding  autopilot-related  (autopilot-masked)  upset  events  that 
involved  air  carrier  airplanes.  There  is  evidence  that  pilots’  previous  experience  with  autopilot 
systems  (the  autopilot’s  reliability  and  ability  to  consistently  control  the  airplane  as  commanded) 
can  result  in  an  increased  level  of  confidence  in  the  autopilot  system,  which  may  lead  to  less 
vigilant  flightcrew  monitoring  of  the  airplane’s  performance  while  operating  with  the  autopilot 
engaged.  Researchers  Parasuraman  and  Riley*®®  stated  the  following: 

Operators  may  not  sufficiently  monitor  the  inputs  to  automated  systems  in 
order  to  reach  effective  decisions  should  the  automation  malfunction  or 
fail.... [although  gross]  autopilot  failures  are  relatively  easy  to  detect  because 
they  are  so  salient,  “slow-over”  rolls,  in  which  the  autopilot  rolls  the  aircraft 
gradually  and  smoothly,  are  much  less  salient  and  can  go  undetected  until  the 
aircraft  wings  are  nearly  vertical. 


B.F.  Goodrich  personnel  estimated  that  even  an  effective  deicing  boot  cycle  might  leave  20  to 
25  percent  residual  ice  coverage. 

Parasuraman,  R.  and  Riley,  V.  1997.  “Humans  and  Automation:  Use,  Misuse,  Disuse,  Abuse.” 
Human  Factors,  39,  230-253. 
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In  May  1992,  the  Safety  Board  issued  several  recommendations  as  a  result  of 
safety  issues  that  were  identified  while  the  Board  assisted  the  Transportation  Safety  Board  of 
Canada  in  the  investigation  of  such  a  “slow-over”  roll  and  upset  event.  The  upset  incident 
occurred  on  December  12,  1991,  and  involved  an  Evergreen  International  Airlines  Boeing  747 
night  cargo  flight.  The  airplane  was  in  autopilot-controlled  cruise  flight  at  FL  310  when  the 
pilots  noted  the  inertial  navigation  system  FAIL  light  had  illuminated.  When  they  crosschecked 
their  flight  instruments,  they  observed  that  the  airplane  was  in  a  steep  right  bank  in  a  nose-down 
pitch  attitude.  The  pilots  initiated  the  recovery  by  disengaging  the  autopilot,  rolling  wings  level, 
and  adding  back  pressure  on  the  control  column  to  pull  the  nose  up.  However,  the  airplane 
exceeded  90°  of  bank,  lost  about  10,000  feet  of  altitude,  and  approached  supersonic  airspeeds 
before  the  recovery  was  accomplished.  The  Board  issued  Safety  Recommendations  A-92-31 
through  -35,  which  asked  the  FAA  to  do  the  following: 

•  Review  the  Boeing  747  series  autopilot  system  designs  and  installations 
to  identify  all  possible  failure  modes  that  could  generate  autopilot  flight 
control  commands  that  would  cause  the  airplane  to  initiate  an 
uncommanded  roll.  Following  the  completion  of  the  review,  implement 
design  changes  to  prevent  or  limit  excursions  of  the  airplane  as  a  result 
of  any  autopilot  system  malfunctions  or  failures.  (A-92-31) 

•  Issue  an  airworthiness  directive  to  require  the  installation  of  devices  in 
Boeing  747  series  airplanes  that  provide  aural  and  visual  warnings  of 
bank  angles  that  exceed  normal  flight  attitudes.  (A-92-32) 

•  Issue  an  air  carrier  operations  bulletin  to  principal  operations  inspectors 
to  advise  Boeing  747  operators  of  the  potential  for  a  slow  roll  input  in 
the  event  of  an  autopilot  system  failure.  (A-92-33) 

•  Review  in-flight  incident  data  for  all  transport-category  airplanes  in  an 
effort  to  determine  if  similar  potential  autopilot  failure  conditions  exist 
with  other  airplanes  and  issue  the  appropriate  directives.  (A-92-34) 

•  Revise  Advisory  Circular  25. 1329-1 A  to  add  guidance  regarding 
autopilot  failures  that  can  result  in  changes  in  attitude  at  rates  that  may 
be  imperceptible  to  the  flightcrew  and  thus  remain  undetected  until  the 
airplane  reaches  significant  attitude  deviations.  (A-92-35) 

The  FAA’s  responses  to  Safety  Recommendations  A-92-31,  -33,  and  -34  resulted 
in  the  Safety  Board  classifying  these  recommendations  “Closed — Acceptable  Action”  on  October 
4,  1995.  Further,  in  its  May  13,  1996,  response  letter,  the  FAA  indicated  that  it  had  tasked  the 
FAA/Joint  Airworthiness  Authorities  Working  Group  to  review  proposed  changes  to  AC 
25. 1329-1  A,  to  include  guidance  stipulated  in  Safety  Recommendation  A-92-35;  pending  final 
publication  of  the  revised  AC  25. 1329-1  A,  the  Safety  Board  classified  Safety  Recommendation 
A-92-35  “Open — Acceptable  Response”  on  June  5,  1996.  However,  the  FAA’s  April  14,  1997, 
response  letter  indicated  a  less  favorable  response  to  Safety  Recommendation  A-92-32.  The 
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FAA  stated  that  autopilot-related  Boeing  747  roll  incidents  occurred  “at  a  rate  below  the  design 
goal  of  1  per  100,000  flight  hours”'®®  and  “far  less  than  the  regulatory  requirements  for  the 
system.”  Further,  the  FAA  noted  that  Boeing  installs  a  GPWS  that  provides  an  aural  warning  to 
the  flightcrew  when  a  preset  bank  angle  threshold  is  exceeded  in  its  new  production  747 
airplanes.*®’  Consequently,  the  FAA’s  April  14,  1997,  response  letter  indicated  that  “an 
airworthiness  directive  to  require  the  installation  of  a  bank  angle  exceedence  device  on  Boeing 
747  series  airplanes  is  not  warranted,”  and  the  FAA  planned  no  further  action;  on  January  21, 
1998,  the  Safety  Board  classified  Safety  Recommendation  A-92-32  “Closed — Unacceptable 
Action.” 


The  Safety  Board  also  addressed  the  issue  of  autopilot  use  in  icing  conditions  in 
its  report  regarding  the  ATR-72  accident  near  Roselawn,  Indiana,  in  which  it  noted  that  autopilot 
control  of  an  airplane  in  icing  conditions  can  hinder  pilot  recognition  of  alterations  in 
performance/flightpath  that  may  result  from  ice  accretions.  On  November  4,  1994,  the  Safety 
Board  issued  Safety  Recommendation  A-94-184,  which  recommended  that  the  FAA  do  the 
following: 


Provide  guidance  and  direction  to  pilots  of  ATR  42  and  ATR  72  airplanes  in 
the  event  of  inadvertent  encounter  with  icing  conditions  by  the  following 
actions:  (1)  define  optimum  airplane  configuration  and  speed  information;  (2) 
prohibit  the  use  of  autopilot;  (3)  require  the  monitoring  of  lateral  control 
forces;  (4)  and  define  a  positive  procedure  for  reducing  angle  of  attack. 

On  November  16,  1994,  the  FAA  issued  telegraphic  AD  T94-24-51,  which,  in 
part,  prohibited  pilots  of  ATR-42  and  ATR-72  airplanes  from  using  the  autopilot  in  icing 
conditions  or  in  moderate  or  greater  turbulence.  The  FAA  addressed  other  aspects  of  the 
recommendation  in  AD  96-09-28,  which  it  issued  on  April  24,  1996.  Based  on  the  FAA’s 
responses,  on  January  27,  1997,  the  Safety  Board  classified  Safety  Recommendation  A-94-184 
“Closed — Acceptable  Action.” 


1.18.6  Standard  Air  Traffic  Control  Procedures/Separation/Wake  Turbulence 

According  to  DTW  ATCT  Order  7110.9D,  when  the  ILS  to  runway  3  is  being 
used,  the  standard  procedure  is  for  ARTCC  personnel  to  position  arrival  traffic  at  11,000 
(turbopropeller-driven  aircraft)  and  12,000  feet  msl  (turbo-jet  aircraft)  before  they  are  handed  off 
to  TRACON  at  or  around  MIZAR.  According  to  FAA  Order  7110.65J,  “Air  Traffic  Control,” 
controllers  should  separate  radar-identified  aircraft  by  3  miles  when  they  are  less  than  40  miles 
from  the  radar  antenna  or  by  5  miles  when  the  aircraft  are  40  miles  or  more  from  the  radar 
antenna.  (These  minima  apply  when  Broadband  Radar  System  or  ASR-9/Full  Digital  Terminal 
Radar  System  are  used.  DTW  used  ASR-9  radar  at  the  time  of  the  accident,  and  Comair  flight 


According  to  the  FAA’s  letter,  “[tjhis  design  goal  is  predicated  on  the  pilot’s  responsibility  to 
monitor  cockpit  instruments  and  to  detect  any  rare  occurrences  of  control  upset.” 

The  FAA’s  response  letter  stated  that  “while  the  new  ground  proximity  warning  computer  is  a 
more  efficient  system  and  a  safety  enhancement,  it  is  not  required  for  safe  flight  or  to  meet  certification  standards.” 
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3272  and  Cactus  50  were  within  40  miles  of  the  radar  antenna  when  the  accident  occurred.) 
FAA  Order  7110.65J  also  contains  a  note,  which  states,  “Wake  turbulence  procedures  specify 
increased  separation  minima  required  for  certain  classes  of  aircraft  because  of  the  possible  effects 
of  wake  turbulence.”  In  addition,  under  the  heading  “Wake  Turbulence  Application,”  FAA 
Order  71 10.65J  states  the  following,  in  part: 

[S]eparate  an  aircraft  landing  behind  another  aircraft  on  the  same  runway... by 
ensuring  the  following  minima  will  exist  at  the  time  the  preceding  aircraft  is 
over  the  landing  threshold: 

1 .  Small  behind  large — 4  miles 

2.  Small  behind  a  B757 — 5  miles 

3.  Small  behind  heavy — 6  miles. 

According  to  the  AIM  (pages  7-3-1  through  7-3-3  discuss  wake  turbulence), 
“vortices  from  larger... aircraft  sink  at  a  rate  of  several  hundred  feet  per  minute,  slowing  their 
descent  and  diminishing  in  strength  with  time  and  distance  behind  the  generating 
aircraft.... vertical  separation  of  1,000  feet  may  be  considered  safe.” 

On  July  16,  1996,  the  FAA  issued  Notice  7110.157,  “Wake  Turbulence,”  which 
stated  that  controllers  should  apply  wake  turbulence  separation  procedures  to  aircraft  as  follows: 

For  the  purposes  of  Wake  Turbulence  Separation  minima,  the  weight 
classification  definitions  of  Heavy,  Large,  and  Small  are  as  follows: 

(1)  Heavy.  Aircraft  capable  of  takeoff  weights  of  more  than  255,000 
pounds  whether  or  not  they  are  operating  at  this  weight  during  a 
particular  phase  of  flight. 

(2)  Large.  Aircraft  of  more  than  41,000  pounds  maximum  certificated 
takeoff  weight,  up  to  255,000  pounds. 

(3)  Small.  Aircraft  of  41,000  pounds  or  less  maximum  certificated 
takeoff  weight 

The  EMB-120  has  a  maximum  takeoff  weight  of  less  than  41,000  pounds. 
Cactus  50  was  an  Airbus  320,  which  has  a  maximum  takeoff  weight  of  more  than  41,000  pounds, 
and  less  than  255,000  pounds. 

Examination  of  radar  data  revealed  that  at  1552,  Cactus  50  was  descending 
through  5,500  feet  msl  at  the  point  where  the  airplanes’  flightpaths  would  later  converge;  about  2 
minutes  later,  when  Comair  flight  3272  reached  that  point,  the  accident  airplane  was  leveling  at 
4,000  feet  msl.  At  1554,  the  separation  between  Cactus  50  and  Comair  flight  3272  was  4.03 
miles  and  increasing.  Radar  data  indicated  that  by  1554:24.725  (the  time  of  the  upset),  the 
airplanes  were  more  than  5  miles  apart.  The  Safety  Board’s  wake  vortex  sink  rate  calculations 
indicated  that  during  the  2  minutes  that  separated  Cactus  50  and  Comair  flight  3272  at  the  point 
of  the  upset.  Cactus  50’ s  wake  vortices  could  not  have  sunk  below  4,500  feet  msl.  The  Board 
sought  the  assistance  of  an  expert  in  wake  vortices  from  NASA,  who  (upon  review  of  the 
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radar  and  meteorological  data)  stated  that  based  on  known  wake  vortex  movements,  he  was 
unable  to  generate  circumstances  that  would  have  allowed  Cactus  50’ s  wake  to  sink  to  4,000  feet 
in  the  2  minutes  that  separated  the  airplanes.  He  further  stated  that  “[I]f  the  radar  data  is  correct, 
that  would  rule  out  a  vortex  encounter.” 


1.18.7  Information  Regarding  Tailplane  Icing 

The  Safety  Board  has  investigated  several  icing-related  accidents  that  have 
involved  tailplane  icing,  including  the  December  29,  1989,  accident  involving  United  Express 
flight  2415,  a  British  Aerospace  3101  (BA-3101),  that  crashed  while  conducting  an  instrument 
approach  to  the  airport  at  Pasco,  Washington,  and  the  January  20,  1991,  accident  involving  a  CC 
Air*^*  BA-3101  that  crashed  while  conducting  an  instrument  approach  to  the  airport  at  Beckley, 
West  Virginia.*®^  Evidence  from  these  accidents  indicated  that  both  airplanes  pitched  nose  down 
and  crashed  on  or  near  the  runway  after  the  flaps  were  extended  from  an  intermediate  setting  to 
the  landing  flaps  setting.  In  addition,  the  BA-3101  that  crashed  at  Beckley,  West  Virginia,  had 
been  operating  in  icing  conditions  with  inoperative  deicing  boots. 

After  the  accident  in  Beckley,  West  Virginia,  a  series  of  BA-3101  flight  tests  were 
conducted  using  varying  flap  configurations  and  ice  accumulations  on  protected  surfaces  (to 
simulate  leading  edge  deicing  systems  that  were  not  activated  or  were  not  operating  properly). 
Flight  tests  conducted  with  50°  of  flaps  extended  and  1  inch  of  ice  on  the  leading  edges  (at 
varying  airspeeds)  revealed  that  during  0.5  G  maneuvers  the  control  column  exhibited  a  tendency 
to  move  forward  if  unrestrained.  The  Safety  Board’s  report  stated  that  “...the  results  and... the 
pilots’  [observations  indicated  that]... higher  speeds  gave  more  adverse  characteristics  in  that  the 
reduction  in  stick  forces  were  more  pronounced.”  The  Safety  Board’s  analysis  of  the  Pasco, 
Washington,  accident  stated  that  “[o]ne  of  the  most  insidious  hazards  of  ice  contamination  is  that 
the  aerodynamic  stall  can  occur  at  an  airspeed  that  the  pilot  perceives  as  safe  and  at  a 
corresponding  AOA  that  is  below  that  at  which  the  stall  protection  devices  activate.”  Further,  it 
stated  that  “an  accretion  of  ice  on  the  leading  edge  of  the  stabilizer  that  degrades  its  aerodynamic 
efficiency  can  significantly  affect  its  ability  to  maintain  stabilized  flight.... The  pitchover  of  the 
airplane  upon  selection  of  50°  [of]  flaps  can  be  explained  by  a  sudden  reduction  in  the  down 
force  produced  by  the  horizontal  stabilizer.” 

The  Safety  Board’s  report  further  stated  that  British  Aerospace  and  the  regulatory 
authorities  responded  to  this  information  by  reducing  the  maximum  operating  airspeed  with  50° 
of  flaps  extended  from  153  knots  to  130  knots  and  limiting  the  landing  flap  setting  to  20°  “when 
there  is  any  visible  ice  accretion  on  any  part  of  the  aircraft.”  As  a  result  of  the  accident  at  Pasco, 
in  1991,  the  Safety  Board  issued  5  icing-related  recommendations  to  the  FAA,  including  Safety 
Recommendations  A-91-87  and  A-91-88,  which  asked  the  FAA  to  do  the  following: 


Carolina  Commuter,  Inc. 

Both  accidents  are  discussed  in  National  Transportation  Safety  Board.  1991.  NPA,  Inc.,  dba 
United  Express  flight  2415,  British  Aerospace  BA-3101,  N410UE,  Tri-Cities  Airport,  Pasco,  Washington,  December 
29,1989.  Aircraft  Accident  Report  NTSB/AAR-9 1/06.  Washington,  DC. 
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•  Amend  the  icing  certification  rules  to  require  flight  tests  wherein  ice  is 
accumulated  in  those  cruise  and  approach  flap  configurations  in  which 
extensive  exposure  to  icing  conditions  can  be  expected,  and  require 
subsequent  changes  in  configuration,  to  include  landing  flaps.  (A-91-87) 

•  Review  the  airframe  icing  certification  data  for  existing  Part  23  and  Part  25 
airplanes  to  verify  that  the  flight  profiles  examined  included  ice  accumulated 
at  those  cruise  and  approach  flap  configurations  in  which  extensive  exposure 
to  icing  conditions  can  be  expected,  with  subsequent  changes  in 
configuration,  to  include  landing  flaps.  Require  additional  flight  tests  as 
necessary.  (A-91-88) 

As  a  result  of  these  recommendations,  on  April  29,  1994,  the  FAA  issued  a  policy 
memo  to  all  ACOs  describing  the  tailplane  stall  phenomenon  and  defining  a  flight  test  maneuver 
(zero-G  pushover  maneuver)  to  identify  susceptibility  to  ice-contaminated  tailplane  stall, 
implemented  a  program  to  screen  and  rank  the  turbopropeller  airplane  fleet  based  on  the  tailplane 
stall  margin  under  certain  aerodynamic  and  ice  accretion  conditions,  and  indicated  that  it 
intended  to  revise  the  icing-related  certification  regulations  and  advisory  circulars  and  to  issue 
NPRMs  and  ADs,  as  appropriate,  to  ensure  adequate  icing  certification  of  the  existing  fleet. 
Based  on  the  FAA’s  responses  (dated  January  31,  1992  and  February  13,  1996),  Safety 
Recommendation  A-91-87  was  classified  “Open — Acceptable  Alternate  Response,”  and  Safety 
Recommendation  A-91-88  was  classified  “Open— Acceptable  Response,”  pending  receipt  of  the 
pertinent  revisions,  NPRMs  and  ADs.  In  the  Safety  Board’s  July  19,  1996,  letter  to  the  FAA 
Administrator,  the  Board  stated,  “[a]lthough  the  Safety  Board  is  pleased  with  the  generally 
positive  response  by  the  FAA... the  Board  is  concerned  that  there  is  no  final  action  yet  on  these 
recommendations  that  were  issued  more  than  4  years  ago.”  In  an  e-mail  dated  August  18,  1998, 
the  FAA’s  Director  of  Aircraft  Certification  Services  advised  the  Safety  Board  that  the  FAA  has 
“issued  all  but  the  Lockheed  Electra  AD;”  subsequently,  the  FAA  provided  the  Safety  Board  with 
a  list  of  eight  ADs  and  an  NPRM  (for  the  Lockheed  Electra)  that  the  FAA  indicated  were  actions 
taken  in  response  to  Safety  Recommendation  A-91-88.  Further,  the  Safety  Board  has  been 
informed  that  the  FAA  is  preparing  another  letter  setting  forth  the  actions  the  FAA  has  take  in 
response  to  this  recommendation.  Pending  receipt  of  that  letter.  Safety  Recommendations  A-91- 
87  and  -88  remain  classified  “Open— Acceptable  Alternate  Response”  and  “Open — Acceptable 
Response,”  respectively. 
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2.  ANALYSIS 


2.1  General 

The  pilots  were  properly  qualified  and  certifieated  to  perform  the  flight  during 
which  the  accident  occurred,  and  each  crewmember  had  received  the  training  and  off-duty  time 
prescribed  by  the  Federal  regulations.  There  was  no  evidence  of  any  preexisting  medical  or 
behavioral  conditions  that  might  have  adversely  affected  the  flightcrew’s  performance. 

The  airplane  was  certificated,  equipped,  and  dispatched  in  accordance  with 
Federal  regulations  and  approved  Comair  procedures.  There  was  no  evidence  of  preexisting 
mechanical  malfunction  or  other  failure  of  the  airplane  structure,  flight  control  or  other  systems, 
powerplants  or  propellers  that  would  have  contributed  to  the  accident.  (The  absence  of 
conductive  edge  sealer  on  some  leading  edge  deicing  boot  segments  will  be  discussed  in  section 
2.4.1) 


Although  postaccident  examination  of  the  leading  edge  deicing  boot  system 
components  revealed  no  evidence  of  preimpact  malfunction  or  failure  (missing  patches,  holes, 
etc.),  impact  damage  to  the  deice  system  switches  and  timers  made  it  impossible  to  determine 
switch  positions  at  the  time  of  impact.  However,  a  postaccident  statement  obtained  from  the  first 
officer  who  flew  the  accident  airplane  during  the  preceding  flight  indicated  that  the  airplane’s 
leading  edge  deicing  boot  system  operated  normally  during  that  trip  segment.  Further,  the 
cockpit  voice  recorder  (CVR)  did  not  record  any  flightcrew  references  to  leading  edge  deicing 
boot  failure  during  the  accident  flight.  Therefore,  the  Safety  Board  concludes  that  it  is  likely  that 
the  leading  edge  deicing  system  was  capable  of  normal  operation  during  the  accident  flight. 

The  Detroit  terminal  radar  approach  (TRACON)  controllers  who  were  involved 
with  flight  3272  were  properly  qualified  and  certificated.  A  review  of  air  traffic  control  (ATC) 
and  facility  procedures  revealed  that  the  controllers  followed  applicable  air  traffic  and  wake 
turbulence  separation  rules,  and  air  traffic  separation  was  assured  during  flight  3272 ’s  approach 
to  the  runway. 


Although  the  radar  ground  tracks  of  Cactus  50  and  Comair  flight  3272  converged 
near  the  accident  site,  the  Safety  Board’s  review  of  winds  aloft  and  wake  vortex  sink  rates 
indicated  that  Cactus  50’ s  wake  vortices  would  have  been  above  and  northeast  of  Comair  flight 
3272’s  flightpath  near  the  upset  location.  Thus,  Comair  flight  3272  was  separated  from  the 
vortices  vertically  and  horizontally,  and,  therefore,  wake  turbulence  was  not  a  factor  in  the 
accident. 


After  summarizing  the  accident  sequence,  this  analysis  will  address  the  weather 
conditions  that  Comair  flight  3272  encountered,  the  aerodynamic  effect  of  thin  rough  ice, 
possible  factors  in  the  left  roll  tendency  that  the  accident  airplane  exhibited  during  the  seconds 
before  the  autopilot  disengaged,  flightcrew  actions,  including  the  use  of  ice  protection  equipment 
and  airplane  airspeed/flap  configuration,  the  airspeed  guidance  available  to  the  flightcrew,  the 
operation  of  the  stall  waming/protection  system,  autopilot  warnings  and  use  in  icing  conditions, 
FAA  oversight,  icing  certification  standards  and  continuing  airworthiness  issues,  flight  data 
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recorder  (FDR)  sensor  information,  and  the  lack  of  available  icing-related  pilot  reports  (PIREPs). 

2.2  Summary  of  Accident  Sequence 

According  to  CVR  and  ATC  information,  during  the  20  minutes  preceding  the 
accident,  the  pilots  received  a  series  of  clearances  from  ATC  that  included  descent,  airspeed,  and 
heading  instructions.  FDR  and  radar  data  indicated  that  the  airplane’s  descent  from  the  en  route 
cruise  altitude  of  flight  level  (FL)  210  to  4,000  feet  msl  was  stable  and  controlled  and  was 
accomplished  at  airspeeds  and  headings  consistent  with  those  assigned  by  ATC.  Meteorological 
information  and  pilot  reports  indicated  that  the  airplane  was  probably  intermittently  in  clouds  as 
it  descended  between  about  11,000  feet  msl  and  8,200  feet  msl;  below  8,200  feet  msl,  the 
airplane  was  probably  operating  predominantly  in  the  clouds. 

The  pilots  were  operating  with  the  autopilot  engaged  during  the  descent.  They 
had  completed  the  descent  checklist  (including  the  activation  of  the  propeller  deicing  and 
windshield  heat  at  the  ice  protection  checklist  prompt)  and  the  first  four  of  the  six  items  on  the 
approach  checklist*^®  before  the  airplane  reached  4,000  feet  msl  during  its  descent.  At  1553:59, 
when  the  autopilot  was  leveling  the  airplane  at  4,0(X)  feet  msl  on  a  heading  of  1 80  ,  the  airplane 
was  in  the  clean  configuration  (no  flaps  or  gear  extended)  at  an  airspeed  of  about  166  knots  (the 
pilots  were  beginning  to  reduce  the  airspeed  to  the  ATC-assigned  airspeed  of  150  knots).  At  that 
time,  ATC  instructed  the  pilots  of  flight  3272  to  turn  left  to  a  heading  of  090°.  Shortly  after  the 
pilots  initiated  the  left  turn  (by  selecting  the  assigned  heading  for  the  autopilot),  the  airplane 
reached  its  selected  altitude  and  (af  1554:08)  the  autopilot  automatically  transitioned  to  the 
altitude  hold  mode.  As  the  autopilot  attempted  to  maintain  the  selected  altitude,  the  airplane’s 
angle-of-attack  (AO A)  began  to  increase  and  the  airspeed  continued  to  decrease;  at  1554:10,  the 
autopilot  began  to  trim  the  elevator  (pitch  trim)  to  an  increasingly  nose-up  position. 

The  accident  airplane’s  FDR  data  indicated  that  at  1554:10  the  airplane’s  left  bank 
steepened  beyond  20°  (moving  toward  the  autopilot’s  command  limit  in  the  heading  mode  of  25°, 
+/-  2.5°).  At  that  point  (according  to  the  autopilot  design  and  FDR  information),  the  roll  rate 
exceeded  that  required  by  the  autopilot’s  design  logic  to  achieve  the  commanded  roll  angle,  and 
the  autopilot’s  input  to  the  aileron  servos  moved  the  ailerons  (and  thus  the  airplane’s  control 
wheel)  in  the  right-wing-down  (RWD)  direction  to  counter  the  increasing  left  roll  rate.  FDR  data 
indicated  that,  during  the  next  3  seconds,  the  left  and  right  AOA  vanes  began  to  diverge, 
indicating  a  left  sideslip/yaw  condition,  and  the  lateral  acceleration  values  began  to  increase  to 
the  left  while  the  autopilot  increased  the  control  wheel  input  to  the  right  in  an  attempt  to  control 
the  roll.  Thus,  by  1554:10,  as  the  airspeed  decreased  through  155  knots,  the  airplane  experienced 
the  beginning  of  a  significant  asymmetry  in  the  lift  distribution  between  the  right  and  left  wings 
and  an  uncommanded  yaw  and  roll  to  the  left.^^^  The  roll  and  control  wheel  position  (CWP) 
parameters  continued  to  trend  in  opposite  directions,  and  the  left  and  right  AOA  vanes  continued 

According  to  several  Comair  EMB-120  pilots,  the  remaining  approach  checklist  items— flight 
attendants,  notified  and  flaps,  15/ 15/checked— would  normally  be  accomplished  later  during  the  approach,  as  the 
airplane  neared  the  destination  airport. 

Evaluation  of  the  FDR  information  revealed  that  a  slight  asymmetry  of  lift  because  of  ice 
existed  earlier  in  the  flight;  however,  it  became  aerodynamically  significant  about  1554:10.  See  section  1.16  in  its 
entirety  and  sections  2.3  and  2.4  for  further  discussion  of  the  ice  accretion  and  its  effects. 
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to  split  for  the  next  14  seconds,  until  the  autopilot  disconnected  at  1554:24.125.  (For  further 
discussion  of  the  airplane’s  tendency  to  roll  left,  see  section  2.4.1.) 

Just  after  1554:15,  as  the  airplane’s  airspeed  began  to  decrease  below  150  knots, 
the  pilots  began  to  increase  the  engine  power;*’^  however,  the  airplane’s  airspeed  continued  to 
decrease.  When  the  captain  drew  the  first  officer’s  attention  to  the  low  airspeed  indication  at 
1554:20.8,  the  airplane’s  airspeed  had  decreased  to  147  knots.  During  the  next  2  seconds,  the 
pilots  more  aggressively  increased  the  engine  power,  and  a  significant  torque  split  occurred;  the 
torque  values  peaked  at  108  percent  on  the  left  engine  and  138  percent  on  the  right  engine.  The 
Safety  Board  considered  several  possible  reasons  for  the  significant  torque  split,  including 
uneven  throttle  movement  by  the  pilots,  ice  ingestion  by  the  left  engine,  a  misrigged  engine,  or  an 
improper  engine  trim  adjustment  on  the  newly  installed  right  engine;  however,  it  was  not 
possible  to  positively  determine  the  cause  of  the  torque  split.  Postaccident  simulations  indicated 
that  this  torque  split  had  a  significant  yaw-producing  effect  at  a  critical  time  in  the  upset  event, 
exacerbating  the  airplane’s  excessive  left  roll  tendency  (see  section  2.4.1).  The  airplane’s 
airspeed  decreased  further  to  146  knots,  the  left  roll  angle  increased  beyond  the  autopilot’s  45° 
limit,  and  (at  1554:24.1)  the  autopilot  disconnect  warning  began  to  sound.  One  second  later,  the 
stick  shaker  activated.  The  sudden  disengagement  of  the  autopilot  (at  1554:24.125)  greatly 
accelerated  the  left  rolling  moment  that  had  been  developing,  suddenly  putting  the  airplane  in  an 
unusual  attitude.  Although  the  pilots  were  likely  surprised  by  the  upset  event,  interpretation  of 
the  FDR  data  indicated  that  the  pilots  responded  with  control  wheel  inputs  to  counter  the  left  roll 
within  1  second  of  the  autopilot  disengagement  and  continued  to  apply  control  inputs  in  an 
apparent  attempt  to  regain  control  of  the  airplane  until  the  FDR  recording  ceased. 

2.3  Meteorological  Factors 

Although  Comair  flight  3272  was  operating  in  winter  weather  conditions 
throughout  its  flight  from  the  Cincinnati  area  to  Detroit,  CVR  and  weather  information  indicated 
that  the  airplane  was  operating  above  the  cloud  tops  at  its  cruise  altitude  of  21,000  feet  msl. 
Further,  the  temperatures  at  the  altitudes  flown  during  the  en  route  phase  of  the  flight  were  too 
cold  to  be  conducive  to  airframe  ice  accretion,  and  examination  of  the  FDR  data  did  not  reflect 
degraded  airplane  performance  until  later  in  the  airplane’s  descent  (see  section  1.16.1.1). 
Therefore,  the  Safety  Board  concludes  that  the  airplane  was  aerodynamically  clean,  with  no 
effective  ice  accreted,  when  it  began  its  descent  to  the  Detroit  area. 

A  study  conducted  by  the  National  Center  for  Atmospheric  Research  (NCAR) 
indicated  that  there  was  strong  evidence  for  the  existence  of  icing  conditions  in  the  clouds  along 
the  accident  airplane’s  descent  path  below  11,000  feet  msl.  In  addition,  weather  radar  data 
showed  generally  light  precipitation  intensities  in  the  area  west  of  Detroit,  with  weather  echoes 


An  engine  torque  split  manifested  itself  during  this  application  of  power — at  1554:17,  the  FDR 
recorded  torque  values  of  33.3  percent  and  39.3  percent  on  the  left  and  right  engines,  respectively.  The  engine 
torque  split  ranged  from  6  to  10  percent  between  1554:17  and  1554:22,  when  torque  values  (and  the  range  of  the 
torque  split)  began  to  increase  abruptly.  Simulator  test  flights  that  replicated  the  accident  scenario  demonstrated  that 
the  initial  6  to  10  percent  torque  split  did  not  have  a  large  aerodynamic  effect  on  the  airplane’s  left  roll;  however,  the 
larger  torque  split  that  occurred  later  in  the  accident  sequence  had  a  significant  aerodynamic  effect  (see  section 
2.4.1) . 
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of  increasing  intensity  below  11,000  feet  msl  along  the  airplane’s  descent  path.  The  weather 
radar  data  indicated  that  the  highest  precipitation  intensities  likely  existed  between  4,100  feet  tnsl 
and  3,900  feet  msl. 

The  NCAR  research  meteorologists  reported  that  the  average  liquid  water  content 
(LWC)  in  the  clouds  near  the  accident  site  likely  varied  from  0.025  to  0.4  grams  per  cubic  meter 
when  averaged  over  the  cloud  depth.  However,  according  to  an  NCAR  research  meteorologist, 
droplet  size  and  LWC  are  rarely  evenly  distributed  through  the  depth  of  a  cloud;  he  stated  that,  in 
a  typical  cloud  distribution,  the  larger  droplet  sizes  with  corresponding  lower  LWC  would  likely 
exist  necir  the  cloud  bases,  whereas  smaller  droplet  sizes  with  higher  LWC  would  typically  exist 
near  the  cloud  tops.  He  stated  that  the  accident  airplane  might  have  encountered  higher  LWC 
values  (0.5-0.8  grams  per  cubic  meter)  with  smaller  droplets  (non-SLD  [supercooled  large 
droplets],  10-30  microns)  near  the  cloud  tops  and  lower  LWC  values  (0.025  to  0.4  grams  per 
cubic  meter)  with  leirger  droplets  (larger  than  30  microns)  near  the  cloud  bases  (consistent  with 
the  previously  discussed  weather  radar  data).  Further,  the  NCAR  research  meteorologist  stated, 
“if  any  SLD  existed... it  would  have  been  more  likely  to  be  lower  in  the  cloud... be  mixed  with 
smaller  drops. .  .the  larger  drops  in  the  spectrum  of  those  that  may  have  existed  there  would  have 
been  in  the  200-400  micron. .  .range.” 

In  addition,  the  accident  airplane’s  descent  path  passed  through  an  area  of 
relatively  low  radar  reflectivity  during  the  4  to  5  minutes  before  the  accident.  According  to  the 
NCAR  report,  the  area  of  reduced  reflectivity  indicated  that  “the  snow-making  process  was  less 
efficient  there,  thus  allowing  a  greater  opportunity  for  liquid  cloud  to  exist.”  Postaccident 
statements  obtained  from  the  other  pilots  who  were  operating  along  the  accident  airplane’s 
flightpath  (and  passed  through  the  area  of  low  reflectivity)  near  the  time  of  the  accident  indicated 
that  they  encountered  widely  variable  conditions.  For  example,  the  pilots  of  Cactus  50  reported 
moderate  rime  icing  with  the  possibility  of  freezing  drizzle,  the  pilots  of  NW  flight  272 
encountered  moderate-to-severe  rime  icing  as  soon  as  they  leveled  off  at  4,000  feet  msl,  and  the 
pilots  of  NW  flight  483  reported  no  icing. 

Comparison  of  data  from  the  airplanes  indicates  that  the  differences  in  airframe 
ice  accretion  reported  by  the  pilots  can  be  attributed  to  slight  differences  in  timing,  altitude, 
location  (ground  track),  airspeed,  and  icing  exposure  time  (and  time  within  the  area  of  reduced 
reflectivity)  of  the  airplanes.  Based  on  weather  radar  information  and  pilot  statements,  the  Safety 
Board  concludes  that  the  weather  conditions  near  the  accident  site  were  highly  variable  and  were 
conducive  to  the  formation  of  rime  or  mixed  ice  at  various  altitudes  and  in  various  amounts, 
rates,  and  types  of  accumulation;  if  SLD  icing  conditions  were  present,  the  droplet  sizes  probably 
did  not  exceed  400  microns  and  most  likely  existed  near  4,000  feet  msl. 

2.4  Aerodynamic  Effect  of  the  Ice  Accretion  on  Comair  Flight  3272 

To  help  assess  the  type,  amount,  and  effect  of  the  ice  that  might  have  been 
accumulated  by  Comair  flight  3272  during  its  descent,  the  Safety  Board  reviewed  the  available 
icing  and  wind  tunnel  research  data,  conducted  additional  airplane  performance 
studies/simulations,  and  requested  NASA’s  assistance  in  conducting  icing  research  tunnel  (IRT) 
tests  and  computational  studies.  In  addition,  the  Safety  Board  reviewed  wind  tunnel  test  data 
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obtained  during  research  conducted  by  the  FAA  at  the  University  of  Dlinois  at 
Urbana/Champaign  (UIUC). 

The  Safety  Board’s  study  of  the  accident  airplane’s  aerodynamic  performance 
indicated  that  it  began  to  degrade  from  ice  accumulation*^^  about  4‘/2  to  5  minutes  before  the 
autopilot  disengaged,  as  the  airplane  descended  through  7,000  feet  msl;  the  amount  of 
degradation  increased  gradually  as  the  airplane  descended  to  4,000  feet  msl.  (See  section 
1.16.1.2.)  Based  on  this  gradual  performance  degradation,  weather  radar  data  that  showed  light 
precipitation  intensities,  pilot  reports  of  moderate  or  less  ice  accretions,*^"*  and  the  Safety  Board 
and  NCAR  weather  studies,  it  appeared  likely  that  Comair  flight  3272  encountered  icing 
conditions  that  fell  within  the  Part  25  appendix  C  envelope  (see  section  1.6.1)  and/or  the  lower 
portion  of  the  SLD  icing  range  during  its  descent  to  4,000  feet  msl.  Thus,  the  postaccident  icing 
tunnel  tests  were  performed  using  LWCs  between  0.52  and  0.85  grams  per  cubic  meter  and  water 
droplet  sizes  between  20  microns  and  270  microns.  Total  air  temperatures  (TAT)  used  in  the 
icing  tunnel  tests  ranged  between  26°  F  and  31°  F  (-3°  C  and  -0.5°  C),*^^  consistent  with  the  static 
air  temperature  (SAT)  values  recorded  by  the  FDR  during  the  airplane’s  descent  from  7,000  to 
4,000  feet  msl.  The  exposure  time  used  in  the  icing  tunnel  tests  was  5  minutes;  additional  runs 
were  conducted  under  some  test  conditions  to  determine  the  effect  that  deicing  boot  activation 
had  on  cleaning  the  leading  edge  and  on  subsequent  ice  accretions. 

The  icing  tunnel  tests  did  not  result  in  thick  ice  accumulation  under  any  test 
condition  (including  SLD  droplets);  rather,  the  tests  consistently  resulted  in  a  thin  (0.25  inch 
accumulation  or  less),  rough  “sandpaper-type”  ice  coverage  over  a  large  portion  of  the  airfoil’s 
leading  edge  deicing  boot  surface  area  (and  aft  of  the  deicing  boot  on  the  lower  wing  surface  in 
some  test  conditions).  In  addition,  in  many  IRT  test  conditions,  small  (Vi  inch)  ice  ridges 
accreted  along  the  leading  edge  deicing  boot  seams.  (The  effects  of  these  ridges  will  be 
discussed  later  in  this  section.)  According  to  NASA  and  Safety  Board  IRT  test  observers,  the 
thin,  rough  ice  coverages  (and  ice  ridges,  where  applicable)  that  accreted  on  the  EMB-120  wing 
were  somewhat  translucent  and  were  often  difficult  to  perceive  from  the  observation  window. 
The  IRT  observers  further  noted  that  IRT  lighting  conditions  and  cloud  (spray)  type  greatly 
affected  the  conspicuity  of  the  ice  accumulation,  making  it  difficult  to  perceive  the  ice 
accumulation  during  the  icing  exposure  periods.  NASA-Lewis’s  scientists  described  the  IRT  ice 
accretions  as  mostly  “glaze”  ice,  like  mixed  or  clear  ice  in  nature,  although  it  looked  slightly  like 
rime  ice  when  the  IRT  was  brightly  lighted  for  photographic  documentation  of  the  ice  accretions 
because  of  its  roughness.  The  Safety  Board  notes  that  it  is  possible  that  such  an  accumulation 
would  be  difficult  for  pilots  to  perceive  visually  during  flight,  particularly  in  low  light  conditions. 
This  type  of  accumulation  would  be  consistent  with  the  accident  airplane’s  CVR,  which  did  not 


Although  the  Safety  Board  considered  other  possible  sources  for  the  aerodynamic  degradation 
(such  as  a  mechanical  malfunction),  the  physical  evidence  did  not  support  a  system  or  structural  failure,  and  the  FDR 
data  indicated  a  gradual,  steadily  increasing  performance  degradation  that  was  consistent  with  degradation  observed 
by  the  Safety  Board  in  data  from  events  in  which  icing  was  a  known  factor. 

All  pilot  reports  indicated  moderate  or  less  ice  accretions,  except  the  pilots  of  NW  flight  272, 
who  reported  that  they  encountered  a  trace  of  rime  ice  during  the  descent,  then  encountered  moderate-to-severe  icing 
at  4,000  feet  msl  about  2  minutes  after  the  accident. 

These  TATs  are  equivalent  to  SATs  of  21“  F  (-6°  C)  to  25.5“  F  (-3“  C). 
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record  any  crew  discussion  of  perceived  ice  accumulation  and/or  the  need  to  activate  deicing 
boots  during  the  last  5  minutes  of  the  accident  flight. 

The  location  of  rough  ice  coverage  observed  during  the  icing  tunnel  tests  varied, 
depending  on  AOA;  at  lower  AOAs,  the  ice  accretions  extended  farther  aft  on  the  upper  wing 
surface  (to  the  aft  edge  of  the  deicing  boot  on  the  upper  wing  surface,  about  7  percent  of  the  wing 
chord  at  the  aileron  midspan),  whereas  at  higher  AOAs,  the  ice  accretions  extended  farther  aft  on 
the  lower  wing  surface.  In  some  IRT  test  conditions,  sparse  feather-t5^e  ice  accretion  extended 
aft  of  the  deicing  boot  coverage  on  the  lower  wing  surface  (which  extends  to  about  lOVz  percent 
of  the  airfoil  chord  at  the  aileron  midspan)  as  far  as  30  to  35  percent  of  the  airfoil’s  chord. 

The  density  of  the  rough  ice  coverage  also  varied,  depending  on  the  exposure 
time;  a  sparse  layer  of  rough  ice  usually  accreted  on  the  entire  impingement  area  during  the  first 
30  seconds  to  1  minute  of  exposure,  and  the  layer  became  thicker  and  more  dense  as  exposure 
time  increased.  The  NASA-Lewis  and  FAA/UIUC  tests  indicated  that  thin,  rough  ice  accretions 
located  on  the  leading  edge  and  lower  surface  of  the  airfoil  primarily  resulted  in  increases  in 
drag,  whereas  thin,  rough  ice  accretions  located  on  the  leading  edge  and  upper  wing  surface  had 
an  adverse  effect  on  both  lift  and  drag;  this  is  consistent  with  information  that  has  been  obtained 
during  NACA/NASA  icing  research  conducted  since  the  late  1930s.  Data  from  research 
conducted  in  the  1940s  and  1950s  indicate  that  an  airfoil’s  performance  can  be  significantly 
affected  by  even  a  relatively  small  amount  of  ice  accumulated  on  the  leading  edge  area,  if  that 
accumulation  has  a  rough,  sandpaper-type  surface. 

Consistent  with  these  data,  NASA’s  drag  calculations  indicated  that  the  thin, 
rough  layer  of  sandpaper-type  ice  accumulation  resulted  in  significant  drag  and  lift  degradation 
on  the  EMB-120  wing  section.  Further,  the  thin  rough  ice  accumulation  resulted  in  a  decrease  in 
stall  AOA  similar  to  that  observed  in  wind  tunnel  tests  with  3-inch  ram’s  horn  ice  shapes  on 
protected  surfaces  and  frequently  demonstrated  a  more  drastic  drop  off/break  at  the  stall  AOA. 
FAA/UIUC  conducted  wind  tunnel  tests  using  generic  shapes  to  represent  the  sandpaper-type 
roughness  with  ridges  placed  on  the  upper  wing  surface  at  6  percent  of  the  wing  chord  (farther  aft 
than  the  ice  ridges  observed  during  NASA’s  IRT  tests);  these  tests  further  demonstrated  that  the 
ridge  type  of  ice  accretion  resulted  in  more  adverse  aerodynamic  effect  than  the  3-inch  ram’s 
horn  ice  shapes. 

As  previously  noted,  NASA’s  IRT  tests  indicated  that  when  an  EMB-120  wing  is 
exposed  to  conditions  similar  to  those  encountered  by  Comair  flight  3272  before  the  accident,  the 
airfoil  tended  to  accrete  a  small  ice  ridge  (or  ridges)  along  the  deicing  boot  tube  segment 


According  to  NASA-Lewis  scientists,  some  of  the  frost  accretion  observed  aft  of  the  deicing 
boot  on  the  lower  wing  surface  during  the  icing  tunnel  tests  might  have  been  an  artifact  of  the  icing  research  tunnel 
(resulting  from  the  higher  turbulence,  humidity,  and  heat  transfer  characteristics  of  the  tunnel);  however,  the  B.F. 
Goodrich  impingement  study  and  NASA’s  LEWICE  program  (see  section  1.16.2)  also  predicted  a  sparse,  rough  ice 
accretion  aft  of  the  deicing  boot  on  the  lower  wing  surface  for  some  of  the  tested  conditions.  However,  no  ice 
accretion  aft  of  the  deicing  boot  was  noticed  during  the  natural  icing  certification  tests.  (See  section  2.5.1.)  Although 
it  is  possible  that  some  of  the  drag  observed  in  the  accident  airplane’s  performance  was  the  result  of  a  sparse,  rough 
ice  accumulation  aft  of  the  deicing  boot  on  the  lower  wing  surface,  it  was  not  possible  to  positively  determine 
whether  the  accident  airplane’s  ice  accretion  extended  beyond  the  deicing  boot  coverage. 
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stitchlines.  During  tests  conducted  at  a  TAT  of  26°  F,  a  small,  but  prominent  (Vz  inch)  ridge  of 
ice  frequently  appeared  on  the  forward  portion  (0.5  to  1  percent  MAC)  of  the  leading  edge 
deicing  boot’s  upper  surface. 

The  IRT  test  results  were  used  in  NASA’s  computational  studies,  which  indicated 
that  these  pronounced  ice  ridges  tended  to  act  as  stall  strips,  creating  more  disrupted  airflow  over 
the  airfoil’s  upper  surface,  further  decreasing  the  lift  produced  by  the  airfoil,  and  resulting  in  a 
lower  stall  AOA  than  the  rough  ice  accretions  alone.  NASA’s  computational  study  data 
indicated  that  a  thin,  rough  ice  accretion  with  a  small,  prominent  ice  ridge  can  result  in  a  lower 
stall  AOA  and  a  more  dramatic  drop  off/break  than  the  3-inch  ram’s  horn  ice  shape  commonly 
used  during  initial  icing  certification  testing.  The  implications  of  this  finding  for  FAA  icing 
certification  criteria  are  discussed  in  section  2.6.2. 

The  accident  airplane’s  performance  displayed  evidence  of  adverse  effects  on  both 
lift  and  drag  during  the  airplane’s  descent  to  4,000  feet  msl.  The  degradation  exhibited  by  the 
accident  airplane  was  consistent  with  a  combination  of  thin,  rough  ice  accumulation  on  the 
impingement  area  (including  both  upper  and  lower  wing  leading  edge  surfaces),  with  possible  ice 
ridge  accumulation.  Thus,  based  on  its  evaluation  of  the  weather,  radar,  drag  information,  CVR, 
existing  icing  research  data,  and  postaccident  icing  and  wind  tunnel  test  information,  the  Safety 
Board  concludes  that  it  is  likely  that  Comair  flight  3272  gradually  accumulated  a  thin,  rough 
glaze/mixed  ice  coverage  on  the  leading  edge  deicing  boot  surfaces,  possibly  with  ice  ridge 
formation  on  the  leading  edge  upper  surface,  as  the  airplane  descended  from  7,000  feet  msl  to 
4,000  feet  msl  in  icing  conditions;  further,  this  type  of  ice  accretion  might  have  been 
imperceptible  to  the  pilots. 

The  Safety  Board  notes  that  FAA  Order  7110.10L,  “Flight  Services,”  contains  a 
definition  of  “trace”  ice  accumulations,  that  states,  in  part,  “A  trace  of  ice  is  when  ice  becomes 
perceptible.... It  is  not  hazardous  even  though  deicing/anti-icing  equipment  is  not  utilized  unless 
encountered  for  an  extended  period  of  time  [over  1  hour].”  Information  obtained  during  this 
investigation,  which  echoed  the  results  of  research  conducted  in  the  1930s  and  1940s,  indicated 
that  thin,  rough  amounts  of  ice,  even  in  trace  amounts  can  result  in  hazardous  flight  conditions. 
The  Safety  Board  concludes  that  the  suggestion  in  current  FAA  publications  that  “trace”  icing  is 
“not  hazardous”  can  mislead  pilots  and  operators  about  the  adverse  effects  of  thin,  rough  ice 
accretions.  Therefore,  the  Safety  Board  believes  that  the  FAA  should  amend  the  definition  of 
trace  ice  contained  in  FAA  Order  7110.10L  (and  in  other  FAA  documents  as  applicable)  so  that 
it  does  not  indicate  that  trace  icing  is  not  hazardous. 

The  Safety  Board  notes  that  in  some  icing  exposure  scenarios,  pilots  could 
become  aware  of  the  performance  degradation  without  observing  a  significant  accumulation  of 
ice  on  the  airplane  by  observing  other  cues,  such  as  a  decrease  in  airspeed,  excessive  pitch  trim 
usage,  a  higher-than-normal  amount  of  engine  power  needed  to  maintain  a  stabilized  condition, 
and/or  anomalous  rates  of  climb  or  descent.  However,  the  Safety  Board  concludes  that  because 
the  pilots  of  Comair  flight  3272  were  operating  the  airplane  with  the  autopilot  engaged  during  a 
series  of  descents,  right  and  left  turns,  power  adjustments,  and  airspeed  reductions,  they  might 
not  have  perceived  the  airplane’s  gradually  deteriorating  performance. 
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Further,  although  it  is  possible  (based  on  the  icing  reported  by  the  pilots  of  NW 
flight  272  and  the  NCAR  scientist’s  estimation  of  the  likely  droplet  size  distribution  in  the 
clouds)  that  the  accident  flight  encountered  SLD  icing”’  as  it  reached  4,000  feet  msl,  the  airplane 
was  only  at  that  altitude  for  about  25  seconds  before  the  upset  occurred;  during  most  of  that  25 
seconds,  the  FDR  data  showed  that  the  autopilot  was  countering  the  increasing  left  roll  tendency 
and  a  sideslip  condition  was  developing.  However,  even  if  the  accident  flight  had  accumulated 
ice  at  the  rapid  rate  reported  by  the  pilots  of  NW  flight  272  (about  Vz  inch  per  minute),  the 
accident  flight  could  not  have  accumulated  a  large  amount  of  ice  during  the  brief  period  of  time  it 
spent  at  4,000  feet  before  the  autopilot  disengaged  and  the  loss  of  control  occurred.  Further, 
icing  of  the  magnitude  described  by  the  pilots  of  NW  flight  272  would  have  produced  strong 
visual  cues,  and  it  is  likely  that  the  pilots  would  have  commented  on  such  a  rapid  accumulation, 
had  it  occurred.  As  previously  noted,  the  accident  airplane’s  CVR  did  not  record  any  flightcrew 
comments  about  ice  accumulation  or  the  need  to  activate  the  leading  edge  deicing  boots  during 
the  last  5  minutes  of  the  accident  flight;  this  is  consistent  with  an  ice  accumulation  that  was 
either  not  observed  by  the  pilots  or  that  was  observed,  but  considered  to  be  unremarkable. 


2.4.1  Possible  Factors  in  Left  Roll  Tendency 

Although  the  accident  airplane’s  entire  airframe  was  exposed  to  roughly 
equivalent  icing  conditions,  making  it  theoretically  possible  that  ice  accumulation  would  be 
symmetrical,  icing  research  and  wind  tunnel  tests  revealed  that  ice  accumulation  (especially  ice 
accumulated  at  near  freezing  temperatures,  as  occurred  in  this  accident)  is  rarely  totally 
symmetrical,  either  physically  or  aerodynamically.  FDR  information  showed  that,  from  the  time 
the  airplane  leveled  at  4,000  feet  msl,  and  then  began  the  left  turn,  the  airplane  exhibited  an 
increasing  left  roll  tendency.  The  Safety  Board  identified  several  factors  that  might  have 
contributed  in  varying  degrees  to  the  left  roll,  asymmetric  conditions,  and  loss  of  control 
observed  in  this  accident.  These  possible  factors  included  the  following: 

•  asymmetrical  ice  accumulation  effects,  possibly  caused  by  ice  self-shedding. 
NASA’s  IRT  tests  indicated  that  the  TAT  present  at  the  time  of  the  accident 
was  likely  to  result  in  asymmetrical  ice  self-shedding.  Increased  vertical 
acceleration  values  might  have  exacerbated  the  ice  self-shedding  because  of 
wing  bending. 

•  the  aerodynamic  effects  of  aileron  deflections  on  airfoils  with  an  ice 
contaminated  leading  edge  (after  the  left  bank  was  established,  the  autopilot 
commanded  right-wing-down  aileron  deflections — left  aileron  down,  right 
aileron  up — to  resist  the  steepening  left  roll)  during  the  left  turn. 
Computational  two-dimensional  studies  and  wind  tunnel  research  indicated 
that  at  higher  AO  As  the  downward  aileron  deflection  could  initiate  a  localized 
flow  separation,  which  resulted  in  a  decrease  in  lift  on  the  left  wing.  The 


Results  from  the  SLD  icing  tanker  tests  suggest  that  the  visual  cues  for  SLD  ice  accumulations 
(unusually  extensive  ice  accreted  on  the  airframe  in  areas  not  normally  observed  to  collect  ice,  accumulation  of  ice 
on  the  upper  surface  of  the  wing  aft  of  the  protected  area,  and  on  the  propeller  spinner  farther  aft  than  normally 
observed)  would  have  been  vei^  apparent  to  the  pilots  and  might  have  resulted  in  a  comment. 
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localized  flow  separation  occurred  at  a  lower  AOA  on  the  downward 
deflecting  aileron  than  the  upward  deflecting  aileron,  thereby  considerably 
reducing  (or  even  reversing)  the  rolling  moment  induced  by  the  wheel 
inputs.  The  studies  showed  that  this  effect  was  most  pronounced  when  a 
leading  edge  ridge  of  ice  was  present. 

•  differences  in  local  airflow  over  left  and  right  wings  because  of  propeller 
thrust — ^both  propellers  rotating  in  a  clockwise  direction  results  in 
asymmetrical  thrust  and  a  left  yaw  tendency. 

•  the  airplane  leveling  off  at  its  assigned  altitude  and  slowing  to  its  assigned 
airspeed  resulted  in  an  increased  AOA  and  movement  of  the  stagnation  point 
on  the  leading  edge  of  both  wings,  which  might  have  exacerbated  the  effects 
listed  above. 

•  left  yaw  resulting  from  the  asymmetrical  engine  power  application  that 
occurred  less  than  3  seconds  before  the  autopilot  automatically  disengaged. 
Flight  simulations  that  varied  the  timing  and  symmetry  of  the  engine  power 
application  indicated  that  when  power  was  applied  earlier  and/or  more 
symmetrically,  the  simulator’s  bank  did  not  exceed  the  autopilot’s  command 
limit,  the  autopilot  did  not  abruptly  disengage,  and  the  upset  did  not  occur. 
However,  flight  simulations  indicated  that  the  asymmetrical  engine  power 
application  observed  in  the  accident  FDR  data  would  not  have  resulted  in  an 
upset  if  the  aerodynamic  degradation  from  ice  was  not  present.  (See  sections 
1.16.1.2  and  2.2.) 

•  the  effects  of  the  autopilot  disengagement — when  the  autopilot  (which  had 
been  commanding  RWD  aileron  to  resist  the  left  roll)  automatically 
disengaged,  the  sudden  absence  of  resistance  resulted  in  a  significant  increase 
in  the  left  roll  and  roll  rate.  (See  section  2.5.4.) 

The  Safety  Board  also  considered  the  possibility  that  the  absence  of  conductive 
edge  sealer*^^  on  the  left  wing  leading  edge  segments  (see  section  1.12.2)  might  have  contributed 
to  an  as5Tranetrical  ice  accretion  that  would  have  increased  the  left  roll  tendency.  Postaccident 
examination  revealed  that  the  leading  edge  segments  that  did  not  have  the  conductive  edge  sealer 
applied  were  as  smooth  to  the  touch  as  any  other  part  of  the  deicing  boot/leading  edge;  further, 
there  was  no  roughness,  cracking,  splitting,  or  delamination  observed  in  the  area  where  the 
conductive  edge  sealer  should  have  been.  Safety  Board  staff  asked  the  scientists  at  NASA-Lewis 


NASA’s  two-dimensional  studies  indicated  that  such  a  reversal  is  possible  at  small  aileron 
deflections  and  higher  AO  As;  FDR  data  indicated  that  during  the  last  minute  before  the  upset,  the  aileron  deflection 
and  AOA  was  frequently  changing. 

It  was  not  possible  to  determine  when  and/or  how  the  conductive  edge  sealer  came  to  be 
missing;  whether  it  eroded  or  wore  off  during  flight,  during  the  accident  sequence,  as  a  result  of  application  of  ICEX, 
or  whether  the  conductive  edge  sealer  was  not  applied  properly  during  deicing  boot  installation.  The  left  wing 
leading  edge  deicing  boot  segments  were  most  recently  replaced  in  July  1996 — it  strains  credibility  to  presume  that 
the  pilots  and  mechanics  who  examined  the  airplane’s  leading  edges  during  preflight  and  maintenance  inspections 
between  July  1996  and  the  day  of  the  accident  did  not  observe  inconsistently  applied  conductive  edge  sealer. 
Further,  during  postaccident  interviews,  Comair’s  maintenance  personnel  appeared  to  be  very  familiar  with  the 
conductive  edge  sealer  application. 
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whether  the  lack  of  conductive  edge  sealer  on  the  upper  wing  surface  at  the  aft  edge  of  the 
leading  edge  deicing  boot  had  potential  to  act  as  a  preferred  ice  accumulation  location.  The 
NASA-Lewis  scientists  stated  that  it  was  unlikely  because  there  were  no  perceivable  tactile 
differences  (gaps,  edges,  roughness,  etc.)  between  the  leading  edge  deicing  boot  and  the  wing 
skin  to  trigger  ice  accumulation.  More  importantly,  the  NASA-Lewis  scientists  stated  that  IRT 
tests  had  demonstrated  that  ice  accretion  that  far  aft  on  the  upper  wing  surface  would  be  unlikely 
to  occur  in  a  non-SLD  icing  environment — it  would  be  more  likely  to  occur  in  larger  SLD 
droplet  sizes,  because  of  the  resultant  runback  and  secondary  ice  accumulation. 

The  Safety  Board  concludes  that  the  accident  airplane’s  left  roll  tendency  was 
precipitated  by  a  thin  layer  of  rough  ice  that  accumulated  on  the  leading  edge  of  the  wing  during 
the  airplane’s  cruise  descent  and  was  then  affected  by  some  or  all  of  the  following  factors:  the 
autopilot-commanded  left  roll,  asymmetrical  ice  self-shedding,  aileron  deflection  effects 
(localized  airflow  separations),  the  effects  of  engine/propeller  thrust,  the  asymmetrical  engine 
power  application,  and  the  disengagement  of  the  autopilot.  It  is  unlikely  that  the  absence  of 
conductive  edge  sealer  on  the  left  wing  leading  edge  deicing  boot  segments  was  a  factor  in  the 
airplane’s  excessive  left  roll. 

2.5  Flightcrew  Actions 


2.5.1  Use  of  Deice/Anti-ice  Equipment 

The  Safety  Board  attempted  to  determine  whether  the  airplane’s  ice  protection 
systems  were  operated  during  the  accident  airplane’s  descent  and  approach  to  Detroit 
MetropolitanAVayne  County  Airport  (DTW).  CVR  information  showed  that  when  the  pilots 
performed  the  descent  checklist  at  1547,  they  confirmed  that  the  airplane’s  “standard  seven”  anti¬ 
ice  systems  were  activated  and  activated  the  windshield  heat  and  the  propeller  deice  system. 
This  was  consistent  with  guidance  contained  in  Comair’s  EMB-120  Flight  Standards  Manual 
(FSM),  which  stated  that  anti-ice  systems  should  be  activated  “before  flying  into  known  icing 
conditions”  to  prevent  ice  accumulation  on  the  affected  surfaces.  Comair’s  EMB-120  FSM 
defined  icing  conditions  as  existing  “when  the  OAT  [outside  air  temperature]  is  +5°  C  or  below 
and  visible  moisture  in  any  form  is  present  (such  as  clouds,  rain,  snow,  sleet,  ice  crystals,  or  fog 
with  visibility  of  one  mile  or  less).” 

For  years,  airplane  manufacturers  have  incorporated  leading  edge  deicing  boots  in 
the  design  of  airplanes  that  are  to  be  certificated  for  operation  in  icing  conditions;  the  purpose  of 
deicing  boots  is  to  shed  the  ice  that  accumulates  on  protected  surfaces  of  the  airframe.  Over  the 
years,  leading  edge  deicing  boots  have  demonstrated  their  effectiveness  to  operators  and  pilots  by 
keeping  the  wing  and  tail  leading  edges  relatively  clear  of  aerodynamically  degrading  ice 
accumulations,  to  the  point  that  operators  and  pilots  have  become  confident  that  the  airplanes  can 
be  flown  safely  in  icing  conditions  as  long  as  the  airplane’s  deicing  boots  are  operated  (and 
functioning)  properly.  However,  based  on  problems  with  earlier  deicing  boot  designs  (which 


Although  Embraer’s  nomenclature  identifies  the  propeller  ice  protection  mechanism  as  a 
deicing  system,  it  functions  as  an  anti-icing  system  because  it  is  activated  before  ice  accumulates  on  the  airframe. 
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used  larger  tubes  and  lower  pressures,  resulting  in  slower  inflation/deflation  rates), 
manufacturers,  operators,  and  pilots  developed  the  belief  that  premature  activation  of  the  leading 
edge  deicing  boots  could  (as  cautioned  in  Comair’s  EMB-120  FSM)  “result  in  the  ice  forming 
the  shape  of  an  inflated  de-ice  boot,  making  further  attempts  to  deice  in  flight  impossible  [ice 
bridging].”  Thus,  at  the  time  of  the  accident,  Comair’s  (and  most  other  EMB-120  operators’) 
guidance  indicated  that  pilots  should  delay  activation  of  the  leading  edge  deicing  boots  until  they 
observed  14  inch  to  V2  inch  ice  accumulation,  despite  Embraer’s  FAA  and  Centro  Tecnico 
Aeroespacial  of  Brazil  (CTA)  approved  EMB-120  Airplane  Flight  Manual  (AFM)  revision  43, 
which  indicated  that  pilots  should  activate  the  leading  edge  deicing  boots  at  the  first  sign  of  ice 
accumulation  (see  discussion  later  in  this  section). 

The  pilots’  activation  of  the  propeller  and  windshield  ice  protection  systems  when 
the  airplane  entered  the  clouds  would  indicate  that  they  were  aware  that  the  airplane  was 
operating  in  icing  conditions.  If  they  had  activated  the  leading  edge  deicing  boots,  at  least  some 
of  the  airplane’s  degraded  performance  would  have  been  restored.  However,  even  if  the  pilots 
observed  any  of  the  thin,  rough  ice  accretion  that  likely  existed  before  the  loss  of  control,  they 
probably  would  not  have  activated  the  deicing  boots  because  Comair’s  guidance  to  its  pilots 
advised  against  activating  the  deicing  boots  until  they  observed  a  thicker  ice  accumulation. 
Therefore,  based  on  CVR  information  and  on  the  steady  degradation  of  airplane  performance  that 
was  clearly  uninterrupted  by  leading  edge  deicing  boot  activation,  the  Safety  Board  concludes 
that,  consistent  with  Comair’s  procedures  regarding  ice  protection  systems,  the  pilots  did  not 
activate  the  leading  edge  deicing  boots  during  their  descent  and  approach  to  the  Detroit  area, 
likely  because  they  did  not  perceive  that  the  airplane  was  accreting  significant  (if  any)  structural 
ice. 


During  the  postaccident  (November  1997)  Airplane  Deicing  Boot  Ice  Bridging 
Workshop,  information  regarding  recent  icing  tunnel  and  flight  test  research  into  the  ice  bridging 
phenomenon  was  disseminated  and  discussed  among  industry  personnel  (see  section  1.18.4.2). 
The  recent  research  revealed  that  modem  turbine-powered  airplanes,  with  their  high-pressure, 
segmented  pneumatic  deicing  boots,  are  not  at  risk  for  ice  bridging.**’  However,  in  April  1996 
when  Embraer  issued  (FAA-  and  CTA-approved)  revision  43  to  the  EMB-120  AFM,  the 
procedure  it  recommended — activation  of  the  leading  edge  deicing  boots  at  the  first  sign  of  ice 
accretion — was  not  consistent  with  traditional  industry  concerns  about  ice  bridging.  According 
to  the  FAA’s  EMB-120  Aircraft  Certification  Program  Manager,  when  the  EMB-120  AFM 
revision  was  proposed  by  Embraer  in  late  1995,  the  deicing  boot  procedural  change  was  very 
controversial  and  generated  numerous  discussions  among  FAA  and  industry  personnel.  The 
FAA’s  EMB-120  Aircraft  Certification  Program  Manager  stated  that  the  aircraft  evaluation 
group  (AEG)  personnel  involved  in  the  discussions  about  the  six  EMB-120  icing-related  events, 
the  EMB-120  in-flight  icing  tanker  tests,  and  the  deicing  boot  procedural  change  were  initially 
resistant  to  the  deicing  boot  procedural  change  because  of  the  perceived  potential  for  ice 
bridging. 


It  is  important  to  note  that  ice  bridging  may  still  be  a  potential  hazard  for  airplanes  with  older 
technology  deicing  boots  that  have  slower  inflation/deflation  rates. 
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The  Safety  Board  notes  that  during  the  winter  of  1995/1996,  senior  Comair 
personnel  (and  representatives  from  other  EMB-120  operators)  were  involved  in  numerous 
meetings  and  discussions  regarding  the  six  preaccident  icing-related  events  and  that  they 
subsequently  received  Embraer’s  Operational  Bulletin  (OB)  120-002/96  and  revision  43  to  the 
EMB-120  AFM,  with  its  controversial  deicing  boot  procedural  change.  Although  these 
discussions  and  documents  apparently  heightened  senior  Comair  personnel  s  awareness  and 
concern  about  EMB-120  operations  in  icing  conditions  (as  evidenced  by  the  December  1995 
interoffice  memo,  entitled  “Winter  Operating  Tips,”  and  the  October  1996  FSB  96-04,  entided 
“Winter  Flying  Tips”),  until  the  (postaccident)  ice  bridging  workshop,  there  was  insufficient 
information  available  to  allay  the  company’s  concerns  regarding  the  perceived  hazards  of  ice 
bridging.  Because  Comair  management  personnel  were  still  concerned  that  ice  bridging  was  a 
problem  for  modem  turbopropeller-driven  airplanes,  at  the  time  of  the  accident,  the  company’s 
deicing  boot  activation  procedures  had  not  been  revised  in  accordance  with  AFM  revision  43. 
The  Safety  Board  recognizes  the  concerns  regarding  ice  bridging  that  Comair  had  at  the  time  of 
the  accident  (before  the  ice  bridging  workshop)  and  notes  that  the  FAA  had  not  mandated 
incorporation  of  the  procedural  revision  or  engaged  in  discussions  with  EMB-120 
operators/pilots  regarding  the  merit  of  the  procedural  change.  Apparently,  Comair  was  not  the 
only  EMB-120  operator  with  concerns  regarding  the  deicing  boot  procedural  change  because  the 
air  carriers’  records  indicated  that  at  the  time  of  the  accident,  only  two  of  seven  U.S.-based 
EMB-120  operators  had  incorporated  the  revision  into  its  procedural  guidance.  However,  the 
Board  is  concerned  that  Comair’ s  EMB-120  pilots  did  not  have  access  to  the  most  current 
information  regarding  operating  the  EMB-120  in  icing  conditions. 

The  Safety  Board  concludes  that  had  the  pilots  of  Comair  flight  3272  been  aware 
of  the  specific  airspeed,  configuration,  and  icing  circumstances  of  the  six  previous  EMB-120 
icing-related  events  and  of  the  information  contained  in  OB  120-002/96  and  revision  43  to  the 
EMB-120  AFM,  it  is  possible  that  they  would  have  operated  the  airplane  more  conservatively 
with  regard  to  airspeed  and  flap  configuration  or  activated  the  deicing  boots  when  they  knew  they 
were  in  icing  conditions.  Therefore,  the  Safety  Board  believes  that  the  FAA  should  require 
principal  operations  inspectors  (POIs)  to  discuss  the  information  contained  in  AFM  revisions 
and/or  manufacturers’  OBs  with  affected  air  carrier  operators  and,  if  the  POI  determines  that  the 
information  contained  in  those  publications  is  important  information  for  flight  operations,  to 
encourage  the  affected  air  carrier  operators  to  share  that  information  with  the  pilots  who  are 
operating  those  airplanes. 

According  to  EMB-120  pilots  from  Comair  and  the  Air  Line  Pilots  Association 
(ALPA),  their  discussions  with  other  EMB-120  flightcrews  indicate  that  the  procedural  change  is 
still  a  controversial  issue,  despite  the  information  revealed  during  this  accident  investigation  and 
at  the  November  1997  Airplane  Deicing  Boot  Ice  Bridging  Workshop.  This  illustrates  how 
thoroughly  ingrained  the  ice  bridging  concept  was  in  pilots  and  operators  and  the  importance  of 
an  ice  bridging  pilot  education  program.  Therefore,  a  thin,  yet  performance-decreasing  type  of 
ice  (similar  to  that  likely  accumulated  by  Comair  flight  3272)  can  present  a  more  hazardous 
situation  than  a  3-inch  ram’s  horn  ice  accumulation  because  it  would  not  necessarily  prompt  the 
activation  of  the  boots.  Based  on  this  information,  the  Safety  Board  concludes  that  the  current 
operating  procedures  recommending  that  pilots  wait  until  ice  accumulates  to  an  observable 
thickness  before  activating  leading  edge  deicing  boots  results  in  unnecessary  exposure  to  a 
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significant  risk  for  turbopropeller-driven  airplane  flight  operations.  Based  primarily  on  concerns 
about  ice  bridging,  pilots  continue  to  use  procedures  and  practices  that  increase  the  likelihood  of 
(potentially  hazardous)  degraded  airplane  performance  resulting  from  small  amounts  of  rough  ice 
accumulated  on  the  leading  edges. 

The  Safety  Board  is  aware  that  the  FAA,  NASA,  and  ALFA  plan  to  organize  an 
industry-wide  air  carrier  pilot  training  campaign  to  increase  pilots’  understanding  of  the  ice 
bridging  phenomenon  and  safe  operation  of  deicing  boots.  Unfortunately,  according  to  NASA 
personnel,  the  training  program  has  not  yet  begun  because  the  FAA  is  still  developing  its  position 
based  on  information  from  the  Ice  Bridging  Workshop.  The  Safety  Board  appreciates  the  FAA’s 
intention  to  initiate  the  development  of  ice  bridging  training  and  its  desire  to  ensure  that  the 
training  is  as  thorough  and  accurate  as  possible;  however,  the  Board  is  concerned  that  the 
planned  training  is  being  delayed.  Further,  the  planned  training  primarily  targets  air  carrier 
pilots,  and  the  Board  considers  it  important  that  the  information  be  disseminated  to  all  affected 
pilots/operators.  The  Safety  Board  is  concerned  that  if  nonair  carrier  pilots  and  operators  do  not 
receive  the  training,  they  may  operate  turbopropeller-driven  airplanes  in  icing  conditions  using 
deicing  boot  procedures  that  result  in  less  safe  flight  operations.  A  training  program  that  reaches 
only  a  limited  part  of  the  pilot  population  may  not  be  sufficient  to  eliminate  the  pervasive  beliefs 
regarding  the  potential  for  ice  bridging  in  turbopropeller-driven  airplanes. 

Therefore,  the  Safety  Board  believes  that  the  FAA  should  (with  NASA  and  other 
interested  aviation  organizations)  organize  and  implement  an  industry-wide  training  effort  to 
educate  manufacturers,  operators,  and  pilots  of  air  carrier  and  general  aviation  turbopropeller- 
driven  airplanes  regarding  the  hazards  of  thin,  possibly  imperceptible,  rough  ice  accumulations, 
the  importance  of  activating  the  leading  edge  deicing  boots  as  soon  as  the  airplane  enters  icing 
conditions  (for  those  airplanes  in  which  ice  bridging  is  not  a  concern),  and  the  importance  of 
maintaining  minimum  cdrspeeds  in  icing  conditions.  The  Safety  Board  encourages  the  FAA  and 
NASA  to  expedite  this  training  effort.  Further,  because  ice  bridging  is  not  a  concern  in  modem 
turbopropeller-driven  airplanes  and  because  thin  amounts  of  rough  ice  can  be  extremely 
hazardous,  the  Safety  Board  believes  that  the  FAA  should  require  manufacturers  and  operators  of 
modem  turbopropeller-driven  airplanes  in  which  ice  bridging  is  not  a  concern  to  review  and 
revise  the  guidance  contained  in  their  manuals  and  training  programs  to  include  updated  icing 
information  and  to  emphasize  that  leading  edge  deicing  boots  should  be  activated  as  soon  as  the 
airplane  enters  icing  conditions. 

It  is  important  to  note  that  although  leading  edge  deicing  boots  are  useful  in 
minimizing  the  adverse  affects  of  ice  accumulation  on  an  airplane’s  protected  surfaces,  activation 
of  deicing  boots  does  not  result  in  a  completely  clean  boot  surface;  some  residual  ice  remains  on 
the  deicing  boot  after  it  cycles,  and  intercycle  ice  accumulates  between  deicing  boot  cycles  (on 
the  EMB-120,  during  the  54-second  or  174-second  intervals,  depending  on  the  mode  of  boot 
operation  selected).  Icing  tunnel  tests  indicate  that  when  the  deicing  boots  are  activated  early,  the 
initial  deicing  boot  cycle  leaves  a  higher  percentage  of  residual  ice  than  it  would  with  delayed 
deicing  boot  activation.  However,  when  the  deicing  boots  remained  operating  during  the 
remainder  of  the  ice  encounter,  subsequent  deicing  boot  cycles  resulted  in  a  wing  leading  edge 
about  as  clean  as  would  occur  with  delayed  boot  activation. 
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The  FAA/UIUC  wind  tunnel  tests  revealed  that  even  a  thin,  sparse  (5  percent  to 
10  percent  density  ice  coverage)  amount  of  rough  ice  accumulation  over  the  leading  edge  deicing 
boot  coverage  area  resulted  in  significant  aerodynamic  degradation.  This  information  raises 
questions  about  the  effectiveness  of  leading  edge  deicing  boots  when  dealing  with  this  type  of  ice 
accumulation,  especially  considering  the  B.F.  Goodrich  estimation  that  a  good,  effective  deicing 
boot  shed  leaves  about  20  percent  of  the  accumulated  ice  on  the  boots.  The  sparse  ice  coverage 
observed  during  the  first  30  to  60  seconds  of  exposure  time  in  some  of  NASA’s  icing  tunnel  test 
conditions  (and  which  could  occur  between  deicing  boot  cycles)  was  estimated  by  observers  to 
be  about  10  percent.  This  combined  research  indicates  that  it  is  possible  for  a  hazardous 
situation  to  occur  even  if  pilots  operate  the  deicing  boots  early  and  throughout  the  icing 
encounter.  The  Westair  flight  7233  incident,  in  which  uncommanded  roll  and  pitch  excursions 
occurred  despite  the  fact  that  the  pilots  stated  that  they  had  activated  the  leading  edge  deicing 
boots  and  selected  the  heavy  boot  operation  mode,**^  may  be  an  example  of  such  a  hazardous 
situation. 


In  addition,  a  hazardous  situation  may  develop  even  if  deicing  boots  are  operated 
throughout  an  icing  encounter  as  a  result  of  ice  accretions  on  an  airplane’s  unprotected  surfaces, 
such  as  aft  of  the  deicing  boots.  As  previously  noted,  the  B.F.  Goodrich  impingement  study, 
NASA’s  LEWICE  calculations,  and  NASA  IRT  tests  indicated  that  a  light  accretion  may  occur 
on  the  unprotected  lower  wing  surfaces  aft  of  the  deicing  boot  on  the  EMB-120.  However, 
Embraer  representatives  stated  that  such  an  ice  accretion  would  result  in  only  a  trace  of  ice 
accumulating  aft  of  the  deicing  boots  and  would  have  a  minimal  aerodynamic  penalty  in  drag 
only.  Although  there  was  no  evidence  of  ice  accretion  aft  of  the  deicing  boot  during  the  EMB- 
120  certification  natural  icing  tests  and  it  was  not  possible  to  determine  whether  the  accident 
airplane’s  ice  accretion  extended  aft  of  the  deicing  boot  coverage,  it  is  possible  that  ice  accretion 
on  the  unprotected  surface  aft  of  the  deicing  boot  could  exacerbate  a  potentially  hazardous  icing 
situation. 


Based  on  icing  and  wind  tunnel  research  and  information  from  the  Westair 
incident,  the  Safety  Board  concludes  that  it  is  possible  that  ice  accretion  on  unprotected  surfaces 
and  intercycle  ice  accretions  on  protected  surfaces  can  significantly  and  adversely  affect  the 
aerodynamic  performance  of  an  airplane  even  when  leading  edge  deicing  boots  are  activated  and 
operating  normally.  Thus,  pilots  can  minimize  (but  not  always  prevent)  the  adverse  effects  of  ice 
accumulation  on  the  airplane’s  leading  edges  by  activating  the  leading  edge  deicing  boots  at  the 
first  sign  of  ice  accretion.  It  is  not  clear  what  effect  residual  ice/ice  accretions  on  unprotected 
nonleading  edge  airframe  surfaces  have  on  flight  handling  characteristics.  Because  not  enough  is 
known  or  understood  about  icing  in  general,  and  especially  about  the  effects  of  intercycle  and 
residual  ice,  the  Safety  Board  believes  that  the  FAA  should  (with  NASA  and  other  interested 
aviation  organizations)  conduct  additional  research  to  identify  realistic  ice  accumulations,  to 
include  intercycle  and  residual  ice  accumulations  and  ice  accumulations  on  unprotected  surfaces 
aft  of  the  deicing  boots,  and  to  determine  the  effects  and  criticality  of  such  ice  accumulations; 


According  to  the  pilots  of  Westair  flight  7233,  they  were  aware  that  they  were  operating  in 
“icing  conditions;”  they  stated  that  they  observed  ice  accumulating  on  the  airplane  and  had  activated  the  leading  edge 
deicing  boots  when  the  airplane  entered  the  clouds  during  their  departure. 
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further,  the  information  developed  through  such  research  should  be  incorporated  into  aircraft 
certification  requirements  and  pilot  training  programs  at  all  levels. 

The  Safety  Board  considers  it  likely  that  future  ice  detection/protection  systems 
will  decrease  the  hazards  associated  with  icing  by  incorporating  ice  detection  and  protection 
(automatic  activation  of  deicing  boots  or  anti-icing  systems)  for  individual  surfaces,  including  the 
horizontal  stabilizers,  of  all  airplanes  certificated  for  flight  in  icing  conditions.  However, 
because  ice  accretions  and  their  effects  are  not  yet  fully  understood,  the  Safety  Board  concludes 
that  current  ice  detection/protection  requirements  and  application  of  technology  (particularly 
deice  boots)  may  not  provide  adequate  protection  for  a  variety  of  ice  accumulation  scenarios 
(tailplane,  SLD,  thin,  rough  ice  accumulations,  etc.).  Therefore,  the  Safety  Board  believes  that 
the  FAA  should  actively  pursue  research  with  airframe  manufacturers  and  other  industry 
personnel  to  develop  effective  ice  detection/protection  systems  that  will  keep  critical  airplane 
surfaces  free  of  ice;  then  require  their  installation  on  newly  manufactured  and  in-service  airplanes 
certificated  for  flight  in  icing  conditions. 


2.5.2  Airspeed  and  Flap  Configuration  Information 

Simulator  studies  conducted  during  the  investigation  revealed  that  the  accident 
airplane’s  decreasing  airspeed  in  icing  conditions  was  critical  in  the  development  of  the  accident 
scenario.  According  to  FDR  data,  the  airplane  began  to  exhibit  signs  of  departure  from 
controlled  flight  as  it  decelerated  from  155  to  156  knots.  Because  the  pilots  accepted  an  ATC 
instruction  to  slow  to  150  knots  and  maintained  a  flaps-up  configuration,  the  Safety  Board 
evaluated  the  guidance  that  Comair  provided  to  its  EMB-120  pilots  on  minimum  airspeed  in  the 
flaps-up  configuration,  the  Comair  flight  3272  flightcrew’s  acceptance  of  this  airspeed  without 
adjusting  the  airplane’s  configuration,  and  the  FAA’s  requirements  for  airplane  manufacturers 
with  regard  to  minimum  airspeeds. 


2.5.2.1  Comair’s  Airspeed  Guidance 

During  postaccident  interviews,  some  of  Comair’s  pilot  training  personnel 
indicated  that  the  company’s  EMB-120  pilot  training  emphasized  the  160-knot  minimum 
airspeed  for  operating  in  icing  conditions,  and  Comair’s  EMB-120  Program  Manager  told  Safety 
Board  investigators  that  170  knots  is  the  only  airspeed  the  company  supports  for  operating  with 
the  landing  gear  and  flaps  retracted.  Although  the  Safety  Board’s  review  of  the  airspeed 
guidance  contained  in  Comair’s  EMB-120  FSM  revealed  that  it  did  not  contain  specific 
minimum  maneuvering  airspeeds  for  flight  in  icing  conditions  and  for  various  airplane 
configurations,  it  did  contain  general  airspeed  information  in  descriptions  of  normal  and  non¬ 
normal  procedures  and  maneuvers.  For  example,  the  technique  outlined  in  Comair’s  FSM  for  an 
instrument  landing  system  (ILS)  approach  associated  the  base  leg  vector  position  (which  was  the 
accident  airplane’s  approximate  position  on  the  approach  before  the  upset,  albeit  still  about  20 
miles  from  the  destination  airport)  with  170  knots  and  the  flaps  15  configuration.  Additional 
guidance  for  the  ELS  approach  procedure  associated  150  knots  airspeed  with  the  selection  of  25° 
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of  flaps.  (This  guidance  did  not  constitute  minimum  airspeed  guidance,  but  it  did  represent  how 
Comair  intended  the  airplane  to  be  flown  and  configured  on  an  ILS  approach.) 

Comair’s  EMB-120  airspeed  reference  cards  (readily  available  and  used  by  the 
flightcrew  in  the  cockpit)  addressed  a  reference  airspeed  at  an  airplane  gross  weight  of  24,000 
pounds  with  gear  and  flaps  retracted  (VrefO)  of  147  knots,  and  a  final  segment  airspeed  (Vfs)  of 
143  knots  (airspeeds  varied,  depending  on  the  airplane’s  gross  landing  weight  and  temperatures). 
Comair’s  EMB-120  FSM  addressed  VrefO  and  Vfs  airspeeds  consistent  with  the  cockpit  airspeed 
reference  cards.  The  FSM  also  contained  guidance  for  a  no-flaps  approach  and  landing  (a  non¬ 
normal  procedure)  that  specified  a  minimum  airspeed  of  160  knots  while  maneuvering  on  the 
approach,  with  a  slight  airspeed  reduction  (the  amount  varying  with  the  weight  of  the  airplane) 
once  established  on  final  approach.  Further,  the  flap  control  fault  (a  non-normal  procedure) 
checklist  procedure  advised  pilots  to  add  35  knots  to  the  reference  airspeed  for  45°  of  flaps  for 
the  zero  flaps  configuration,  resulting  in  airspeeds  between  140  and  150  knots  (again  depending 
on  the  airplane’s  gross  weight).  The  published  stall  airspeed  for  the  EMB-120  at  24,000  pounds 
gross  weight  with  landing  gear  and  flaps  retracted  was  1 14  knots. 

During  the  13  months  before  the  accident,  Comair  had  issued  an  interoffice 
memorandum  (memo)  and  a  flight  standards  bulletin  (FSB)  that  contained  guidance  advising 
EMB-120  pilots  to  maintain  higher  airspeeds  than  normal  when  operating  in  icing  conditions. 
The  Comair  interoffice  memo,  issued  on  December  8,  1995,  advised  pilots  not  to  operate  the 
EMB-120  at  less  than  160  knots  in  icing  conditions  and  to  use  170  knots  for  holding  in  icing 
conditions.  According  to  Comair,  this  memo  was  distributed  to  all  EMB-120  pilots  through  their 
company  mailboxes  and  a  30-day  pilot-read  binder  but  was  not  incorporated  into  a  flight 
standards  bulletin  (FSB)  or  a  revision  to  the  Comair  EMB-120  flight  standards  manual  (FSM). 
The  FSB,  issued  on  October  18,  1996  (to  be  inserted  at  the  back  of  the  FSM),  advised  pilots  to 
maintain  a  minimum  airspeed  of  170  knots  when  climbing  on  autopilot  or  holding  in  icing 
conditions,  with  no  mention  of  a  minimum  airspeed  for  non-climbing/non-holding  icing 
operations.  Comair’s  October  1996  FSB  did  not  support  or  repeat  the  interoffice  memo’s  blanket 
160-knot  minimum  airspeed  for  operating  an  EMB-120  in  icing  conditions.  The  Safety  Board 
notes  that  the  language  used,  the  different  airspeeds  and  criteria  contained  in  the  guidance, 
Comair’s  methods  of  distribution,  and  the  company’s  failure  to  incorporate  the  guidance  as  a 
formal,  permanent  revision  to  the  FSM  might  have  caused  pilots  to  be  uncertain  of  the 
appropriate  airspeeds  for  their  circumstances. 

Additional  preaccident  airspeed  guidance  was  contained  on  the  same  page  as 
revision  43  to  Embraer’s  EMB-120  AFM  (issued  in  April  1996),  which  stated  that  the 
manufacturer’s  recommended  minimum  airspeed  for  the  EMB-120  in  icing  conditions  with 
landing  gear  and  flaps  retracted  was  160  knots.  However,  at  the  time  of  the  accident,  Comair  had 
not  incorporated  the  AFM  revision  43  information  into  its  EMB-120  FSM.  Further,  Comair  had 
not  incorporated  long-standing  AFM  information  into  its  FAA-approved  EMB-120  FSM; 
specifically,  Comair’s  FSM  did  not  contain  the  note  advising  pilots  to  increase  their  approach 
airspeeds  by  5  to  10  knots  in  icing  conditions.  (The  Safety  Board  notes  that  this  guidance  had 
been  included  in  Embraer’s  EMB-120  AFM  at  least  since  August  1991,  and  Comair’s  FAA  POI 


Vfs  is  the  target  airspeed  for  flap  retraction  after  takeoff  or  during  go-around. 
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had  not  required  the  company  to  incorporate  the  icing-related  airspeed  guidance  into  its  FSM.) 
Because  Comair’s  pilots  used  the  company’s  Operations  Manual  and  FSM  as  their  primary 
sources  of  procedural  guidance  (rather  than  the  EMB-120  AFM),  it  is  likely  that  many  Comair 
pilots  were  not  aware  that  Embraer  considered  160  knots  to  be  the  minimum  airspeed  for 
operating  the  EMB-120  in  icing  conditions.  This  is  supported  by  the  variations  in  the  responses 
provided  during  postaccident  interviews  by  the  16  Comair  EMB-120  pilots  (including  line  pilots, 
flight  instructors,  and  line  check  airmen)  when  they  were  asked  about  the  minimum  airspeed  for 
operating  the  EMB-120  without  flaps  extended  in  icing  conditions. 

Several  of  the  pilots  interviewed  stated  that  they  would  not  have  been  comfortable 
operating  an  EMB-120  in  icing  conditions  at  an  airspeed  of  150  knots  without  flaps  extended, 
citing  160  knots  or  170  knots  as  more  acceptable  airspeeds,  based  on  previous  bulletins  and 
memos.  Other  pilots  indicated  that  there  was  no  operational  requirement  to  maintain  a  higher 
airspeed  in  icing  conditions  but  cited  a  note  in  Comair’s  FSM  that  advised  pilots  to  increase 
approach  airspeeds  by  5  to  10  knots  when  operating  in  icing  conditions.  However,  three  Comair 
EMB-120  pilots  made  no  special  reference  to  icing  conditions  and  told  investigators  that  the 
minimum  operating  airspeed  for  the  EMB-120  flaps  up  was  below  150  knots.  One  Comair 
EMB-120  captain  stated  that  he  considered  the  absolute  minimum  airspeed  for  operating  the 
airplane  without  flaps  [in  nonicing  conditions]  to  be  the  Vfs  airspeed;  a  Comair  EMB-120  flight 
instructor  cited  a  minimum  EMB-120  maneuvering  airspeed  without  flaps  of  140  knots;  and  an 
EMB-120  line  check  airman  stated  that  “the  airplane  should  fly  safely  at  150  knots  clean,  but  this 
is  not  a  practice  [we]  advocate.... Vfs  (141  knots  to  147  knots),  those  are  the  minimum  clean 
speeds.” 


Thus,  although  Comair’s  pilot  training  personnel  indicated  that  the  company’s 
EMB-120  pilot  training  emphasized  the  160-knot  minimum  airspeed  for  operating  in  icing 
conditions,  the  varied  responses  received  from  EMB-120  pilots  during  postaccident  interviews 
indicate  that  the  guidance  provided  was  not  consistently  understood  by  Comair’s  pilots.  Based 
on  the  inconsistencies  in  the  answers  provided  by  Comair  pilots  during  the  postaccident 
interviews  and  the  complex  and  varied  minimum  airspeed  requirements  established  by  Comair 
for  both  icing  and  nonicing  conditions,  the  Safety  Board  concludes  that  the  guidance  provided  by 
Comair  in  its  memos,  bulletins,  manuals,  and  training  program  did  not  adequately  communicate 
or  emphasize  specific  minimum  airspeeds  for  operating  the  EMB-120  in  the  flaps-up 
configuration,  in  or  out  of  icing  conditions,  and  thus  contributed  to  the  accident. 


2.5.2.2  Flightcrew’s  Airspeed/Configuration  Decisions  and  Actions 

The  Safety  Board’s  review  of  the  flightcrew’s  actions  revealed  that  there  was  no 
pilot  discussion  of  flap  usage,  stall  speeds,  recommended  minimum  airspeeds  for  icing 
conditions,  ice  accumulation  (potential  or  observed)  and  its  effects  on  the  airplane’s  performance 


Although  many  of  Comair’s  line  pilots,  flight  instructors,  and  line  check  airmen  appeared 
uncertain  of  the  minimum  airspeed  for  operating  an  EMB-120  in  icing  conditions  without  landing  gear  or  flaps 
extended,  most  of  the  pilots  interviewed  were  aware  that  Comair’s  FSB  96-04  stated  that  the  minimum  airspeed  for 
holding  in  icing  conditions  was  170  knots. 
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at  any  time  during  the  descent  from  cruise  altitude,  nor  was  there  any  requirement  for  such 
discussion.  The  Safety  Board  considers  it  likely  that  the  pilots  would  have  commented  and/or 
taken  action  (such  as  activating  the  deicing  boots  and/or  extending  the  flaps)  if  they  had 
perceived  an  unsafe  condition,  either  as  the  result  of  a  significant  ice  accumulation  or  an  unsafe 
airspeed  assignment  for  the  airplane’s  configuration.  The  Safety  Board  acknowledges  that 
increasing  the  airspeed  by  some  increment  (Vref  +  5  knots  according  to  Comair  s  EMB-120  FSM) 
when  ice  accretion  is  observed  is  a  fairly  standard  adjustment  in  the  aviation  industry,  and 
Comair’ s  FSB  96-04  specified  a  minimum  airspeed  of  170  knots  for  holding  in  icing  conditions. 
However,  ATC  had  not  issued  holding  instructions  to  the  pilots  of  Comair  flight  3272,  nor  had 
ATC  indicated  that  the  pilots  should  expect  to  receive  holding  instructions  during  the  approach 
to  DTW.  Therefore,  the  pilots  might  not  have  considered  the  170-knot  minimum  airspeed  for 
holding  in  icing  conditions.  Additionally,  as  previously  discussed,  the  pilots  might  not  have 
recognized  that  they  were  operating  in  icing  conditions  because  it  is  possible  that  the  accident 
airplane  accreted  a  thin,  rough  layer  of  glaze  ice  that  was  imperceptible  to  the  pilots.  Because 
there  were  no  comments  recorded  by  the  CVR  and  because  the  pilots  accepted  the  150-knot 
airspeed  assignment  without  hesitation,  comment,  or  reconfiguration,  the  Safety  Board  concludes 
that  the  pilots  likely  did  not  recognize  the  need  to  abide  by  special  restrictions  on  airspeeds  that 
were  established  for  icing  conditions  because  they  did  not  perceive  the  significance  (or  presence) 
of  Comair  flight  3272’s  ice  accumulation.  Further,  based  on  the  uncertainty  regarding  minimum 
airspeeds  exhibited  by  Comair  pilots  during  postaccident  interviews,  the  Safety  Board  considers 
it  likely  that  under  conditions  similar  to  those  encountered  by  the  pilots  of  Comair  flight  3272, 
other  Comair  pilots  might  have  accepted  the  same  150-knot  airspeed  assignment. 

Although  the  Safety  Board  considers  Comair’ s  airspeed  guidance  ambiguous  and 
unclear  and  acknowledges  that  the  flightcrew  might  not  have  perceived  that  the  airplane  was 
accumulating  ice  that  affected  its  flight  handling  characteristics,  the  Safety  Board  notes  that  the 
preponderance  of  the  airspeed  guidance  available  to  the  pilots  indicated  that  EMB-120  operating 
airspeeds  of  160  or  170  knots  were  standard  for  operating  without  flaps  extended  under  any 
(icing  or  nonicing)  conditions.  Though  these  airspeeds  were  not  established  minimum  airspeeds, 
they  were  the  operator’s  procedural  guidance  and  the  standards  to  which  Comair’ s  pilots  were 
trained.  The  Safety  Board  considers  that  any  pilot  deviations  from  standard  procedures  during 
flight  operations  (although  not  prohibited  and  not  necessarily  unsafe)  should  be  accomplished 
thoughtfully  and  with  full  consideration  given  to  the  possible  risks  involved.  In  this  case, 
operating  at  150  knots  provided  the  pilots  with  a  reduced  safety  margin  above  the  airplane’s  stall 
speed.  The  reduction  in  stall  margin  was  especially  critical  to  the  accident  flight  because  the 
accident  airplane  had  accreted  structural  ice  during  its  descent,  which  was  having  an  adverse 
effect  on  the  airplane’s  performance  characteristics.  The  Safety  Board  notes  that  the  pilots  could 
have  increased  the  stall  margin  by  extending  15°  of  flaps  and  still  complied  with  ATC’s  airspeed 
assignment.  Further,  there  was  no  safety  or  operational  reason  to  avoid  extending  the  flaps. 


The  Safety  Board  considered  the  possibility  that  the  flightcrew  avoided  extending  the  flaps 
because  of  guidance  to  avoid  extended  operations  in  icing  conditions  with  flaps  extended.  However,  as  previously 
discussed,  there  were  numerous  indications  that  the  flightcrew  was  not  considering  icing  as  a  significant  factor  in  the 
airplane’s  operation  at  the  time.  The  Safety  Board  also  considered  that  the  pilots  might  have  believed  that  they  had 
already  extended  the  flaps  to  15°  at  the  time  that  they  accepted  the  150  knot  ATC-assigned  airspeed.  However,  at 
that  time,  the  airplane  was  about  20  miles  from  the  destination  airport  and  maintaining  an  assigned  airspeed  of  190 
knots;  thus,  the  pilots  had  not  received  any  of  the  usual  (distance  and  airspeed-related)  cues  to  extend  the  flaps.  The 
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The  Safety  Board  considers  it  critical  that  pilots  take  into  consideration  potential 
adverse  conditions,  and  make  correspondingly  conservative  decisions  where  they  are  warranted. 
Although  the  pilots  might  not  have  perceived  that  the  airplane  was  accumulating  any  ice,  their 
activation  of  the  propeller  and  windshield  heat  when  the  airplane  entered  icing  conditions  was  an 
indication  that  they  were  aware  that  they  were  entering  conditions  in  which  ice  accumulation  was 
possible. 


Based  on  Comair’s  guidance  for  an  ILS  approach  (which  Comair  uses  during  pilot 
training)  that  associates  170  knots  with  15°  of  flaps  on  the  base  leg  position,  and  additional 
airspeed  guidance  suggesting  airspeeds  of  160  to  170  knots  for  the  accident  flight’s  conditions, 
and  the  pilots’  responsibility  to  make  safe,  conservative  decisions  consistent  with  flight  in  icing 
conditions,  the  Safety  Board  concludes  that  whether  the  pilots  perceived  ice  accumulating  on  the 
airplane  or  not,  they  should  have  recognized  that  operating  in  icing  conditions  at  the  ATC- 
assigned  airspeed  of  150  knots  with  flaps  retracted  could  result  in  an  unsafe  flight  situation; 
therefore,  their  acceptance  of  the  150-knot  airspeed  assignment  in  icing  conditions  without 
extending  flaps  contributed  to  the  accident. 


2.5.2.3  FAA-related  Information  Regarding  Minimum  Airspeeds 

Because  the  issue  of  safe  minimum  airspeeds  is  complex  and  critical  to  safe  flight 
operations,  in  May  1997  the  Safety  Board  issued  Safety  Recommendation  A-97-31,  which  asked 
the  FAA  to  require  air  carriers  to  reflect  FAA-approved  minimum  airspeeds  for  all  flap  settings 
and  phases  of  flight,  including  flight  in  icing  conditions,  in  their  EMB-120  operating  manuals. 
The  Safety  Board’s  recommendation  letter  referenced  the  FAA’s  notice  of  proposed  rulemaking 
(NPRM)  97-NM-46-AD,  which  established  a  minimum  safe  EMB-120  airspeed  in  icing 
conditions  of  160  knots  based  on  initial  icing  certification  flight  test  data,  stating  the  following, 
in  part: 


The  NPRM  addresses  many  of  the  safety  issues  discussed  in  this  letter.  The 
Safety  Board  is  evaluating  whether  the  proposed  160  KIAS  minimum  airspeed 
in  icing  conditions  is  appropriate,  and  if  the  single  speed  adequately  addresses 
the  intent  of  what  would  have  been  our  first  recommendation:  that  is,  for  the 
FAA  to  approve  for  inclusion  in  Embraer’s  EMB-120  airplane  flight  manual 
minimum  airspeeds  for  all  flap  settings  and  phases  of  flight,  including  flight  in 
icing  conditions. 

The  Safety  Board  reiterated  its  concerns  on  this  subject  in  its  response  to  the 
FAA’s  NPRM  97-NM-46-AD.  Despite  the  Board’s  concerns,  the  FAA’s  final  rulemaking  for 
airworthiness  directive  (AD)  97-26-06  indicated  that  Embraer’s  initial  icing  certification  flight 
tests  demonstrated  that  a  minimum  airspeed  of  160  knots  provided  an  adequate  stall  margin, 
“provided  the  ice  protection  systems  are  properly  activated.”  Currently,  the  FAA-required 


Safety  Board  was  unable  to  determine  whether  the  pilots  believed  they  had  extended  the  flaps  at  any  subsequent 
time. 
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minimum  EMB-120  airspeed  guidance  consists  of  160  knots  minimum  airspeed  for  operating  in 
icing  conditions. 

AD  97-26-06  did  not  satisfactorily  address  the  concerns  that  were  expressed  by 
the  Safety  Board  in  its  communications  regarding  Safety  Recommendation  A-97-31  and  in  its 
response  to  the  NPRM  because  the  160-knot  airspeed  was  not  scientifically  determined  and  does 
not  ensure  an  acceptable  safety  margin  for  all  foreseeable  flight  conditions  (evidence  of  Comair 
flight  3272’s  loss  of  control  were  apparent  at  156  knots— with  a  slightly  different  ice 
accumulation  scenario,  the  loss  of  control  might  have  occurred  earlier  in  the  event)  and  because 
the  FAA’s  response  did  not  adequately  address  the  complicated  issue  of  the  minimum  operating 
airspeeds  (at  various  flap  settings)  for  the  EMB-120  in  icing  conditions.  The  Safety  Board  notes 
that  after  this  accident,  because  Comair  did  not  believe  that  a  160-knot  airspeed  ensured  adequate 
stall  margin,  the  company  established  a  minimum  airspeed  of  170  knots  for  operating  the  EMB- 
120  in  icing  conditions,  thus  increasing  the  stall  margin  in  icing  conditions  beyond  that  required 
by  the  FAA.  The  Safety  Board  is  concerned  that  absent  the  scientifically  determined  airspeed 
guidance  it  requested  from  the  FAA,  some  operators  are  arbitrarily  electing  to  increase  their 
minimum  EMB-120  airspeeds,  whereas  others  may  continue  to  follow  current  FAA  guidance  that 
provides  an  inadequate  safety  margin.  Although  an  airspeed  greater  than  160  knots  should  be 
required  to  provide  an  adequate  safety  margin,  without  a  scientifically  based  determination  of 
minimum  operating  airspeed  in  icing  conditions,  some  operators  may  increase  the  airspeed  too 
much,  increasing  the  risk  of  tailplane  stall  (see  section  1.18.7). 

The  Safety  Board  is  aware  that  manufacturers  and  operators  of  many  large  air 
transport  airplanes  have  published  minimum  airspeeds  associated  with  various  flap 
configurations  and  phases  and  conditions  of  flight.  These  airspeeds  are  incorporated  into 
operator’s  manuals  and  pilot  training  programs  and  are  helpful  for  pilots  of  these  airplanes  during 
flight  operations.  The  Safety  Board  again  concludes  that  minimum  airspeed  information  for 
various  flap  configurations  and  phases  and  conditions  of  flight  would  be  helpful  to  pilots  of  all 
passenger-carrying  airplanes.  Therefore,  the  Safety  Board  believes  that  the  FAA  should  require 
manufacturers  of  all  turbine-engine  driven  airplanes  (including  the  EMB-120)  to  provide 
minimum  maneuvering  airspeed  information  for  all  airplane  configurations,  phases,  and 
conditions  of  flight  (icing  and  nonicing  conditions);  minimum  airspeeds  also  should  take  into 
consideration  the  effects  of  various  types,  amounts,  and  locations  of  ice  accumulation,  including 
thin  amounts  of  very  rough  ice,  ice  accumulated  in  SLD  icing  conditions,  and  tailplane  icing. 

The  circumstances  of  the  Westair  incident  indicate  that  despite  the  increased 
availability  of  icing-related  information  since  the  Comair  accident,  the  increase  in  icing-related 
regulations  and  the  heightened  awareness  of  the  hazards  of  structural  icing  among  the 
operator/pilot  population  that  has  resulted  from  recent  icing-related  aviation  accidents,  some 
EMB-120  pilots  remain  less  vigilant  to  decreases  in  airspeed  than  is  prudent.  Although  EMB- 
120  pilots  have  more  icing-related  information  available  to  them  now  than  they  did  before  the 
Comair  flight  3272  accident,  adequate  guidance  has  still  not  been  provided  on  minimum 
operating  airspeeds  and  the  hazards  of  various  types  and  amounts  (sometimes  imperceptible)  of 
ice  accumulation.  Therefore,  the  Safety  Board  believes  that  the  FAA  should  require  the 
operators  of  all  turbine-engine  driven  airplanes  (including  the  EMB-120)  to  incorporate  the 
manufacturer’s  minimum  maneuvering  airspeeds  for  various  airplane  configurations 
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and  phases  and  conditions  of  flight  in  their  operating  manuals  and  pilot  training  programs  in  a 
clear  and  concise  manner,  with  emphasis  on  maintaining  minimum  safe  airspeeds  while 
operating  in  icing  conditions. 


2.5.3  Stall  Warning/Protection  System 

The  stall  warning  systems  that  are  required  by  14  Code  of  Federal  Regulations 
(CFR)  Part  25  are  intended  to  provide  flightcrews  with  adequate  warning  of  proximity  to  the  stall 
AOA;  however,  they  often  do  not  provide  adequate  warning  when  the  airplane  is  operating  in 
icing  conditions  in  which  the  stall  AOA  is  markedly  reduced.  This  was  the  case  in  this  accident; 
the  airplane  had  departed  from  controlled  flight  before  activation  of  the  stick  shaker. 

The  accident  airplane’s  stall  waming/protection  system  used  information  from  the 
sideslip  sensor  and  the  right  and  left  AOA  sensors  to  determine  an  approaching  aerodynamic  stall 
condition.  Under  normal  conditions,  with  uncontaminated  airfoils  and  the  airplane  operating 
with  the  landing  gear  and  flaps  retracted,  EMB-120  stick  shaker  activation  would  occur  at  10° 
and  the  AOA  at  which  the  airplane  actually  stalled  would  be  18°,  providing  a  margin  of  about  8°. 
However,  with  the  wings  contaminated,  the  airflow  over  the  upper  wing  surface  is  disrupted,  the 
stall  airspeed  is  increased,  and  the  stall  AOA  is  reduced,**^  thus  decreasing  the  margin  between 
stall  warning  and  actual  stall.  The  decreased  margin  can  result  in  a  contaminated  airplane 
stalling  with  little  or  no  prestall  warning  (i.e.,  the  stick  shaker)  provided  to  the  pilots  and  at  a 
higher  airspeed  and  lower  AOA  than  a  pilot  might  expect.  Further,  if  a  pilot  was  confident  that 
the  airplane’s  stall  waming/protection  system  would  provide  an  adequate  stall  warning  margin, 
that  pilot  may  not  be  overly  concerned  about  the  flight  conditions  at  that  time. 

The  Safety  Board  notes  that  the  stall  warning  system  installed  on  the  Avions  de 
Transport  Regional  (ATR)  42/72  decreases  the  critical  AOA  for  aural  alert  and  stick  shaker  from 
12.5°  to  7.5°  when  the  anti-icing  system  is  activated.  The  7.5°  AOA  threshold  was  selected  by 
ATR  to  account  for  a  reduced  stall  AOA  with  an  ice  accumulation.  In  addition,  the  Safety  Board 
is  aware  that  stall  waming/protection  systems  exist  that  incorporate  airflow  sensors  into  their 
logic  and  adjust  the  stick  shaker/pusher  activation  to  compensate  for  the  dismptions  in  airflow 
that  result  from  ice  accumulation  on  the  airfoil. 

Because  the  accident  airplane’s  FDR  and  CVR  data  indicated  that  the  autopilot 
disengaged  and  the  roll  upset  occurred  before  the  stick  shaker  activated,  the  Safety  Board 
concludes  that  the  stall  warning  system  installed  in  the  accident  airplane  did  not  provide  an 
adequate  warning  to  the  pilots  because  ice  contamination  was  present  on  the  airplane’s  airfoils 
and  the  system  was  not  designed  to  account  for  aerodynamic  degradation  or  adjust  its  warning  to 
compensate  for  the  reduced  stall  warning  margin  caused  by  the  ice.  Thus,  the  Safety  Board 
believes  that  the  FAA  should  require  the  manufacturers  and  operators  of  all  airplanes  that  are 
certificated  to  operate  in  icing  conditions  to  install  stall  waming/protection  systems  that  provide  a 


FAA  and  NASA  wind/icing  tunnel  data  indicate  that  the  NACA  23012  airfoil  with  a  thin  layer 
of  rough  ice  on  the  leading  edge  with  a  small  ice  ridge  can  stall  at  angles  of  attack  as  low  as  5“  or  6°. 
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cockpit  warning  (aural  warning  and/or  stick  shaker)  before  the  onset  of  stall  when  the  airplane  is 
operating  in  icing  conditions. 


2.5.4  Operation  of  the  Autopilot 

The  Safety  Board  was  unable  to  positively  determine  whether  the  autopilot  was 
operating  properly  based  on  physical  evidence  (impact  damage  precluded  functional  tests). 
However,  based  on  FDR  data  and  a  review  of  the  autopilot  design  characteristics,  the  Safety 
Board  concludes  that  the  accident  airplane’s  autopilot  was  capable  of  normal  operation  and 
appeared  to  be  operating  normally  during  the  last  minutes  of  the  accident  flight,  and  the  autopilot 
disconnect  and  warning  systems  operated  in  a  manner  consistent  with  their  design  logic. 

The  Safety  Board  evaluated  the  flightcrew’s  use  of  the  autopilot  as  it  affected  the 
cues  presented  to  the  pilots  about  the  impending  loss  of  control  and  the  behavior  of  the  ailerons 
as  the  loss  of  control  developed.  The  autopilot’s  actions  during  the  last  seconds  before  it 
disengaged  provided  some  visual  cues  that  could  have  warned  the  pilots  of  the  airplane’s 
performance  degradation.  For  example,  during  the  15  seconds  before  the  autopilot  disengaged,  it 
moved  the  control  wheel  to  command  the  ailerons  to  move  in  a  RWD  direction,  while  the  flight 
instruments  (EADIs)  and  the  pilots’  heading  selection  indicated  that  the  airplane  was  in  a  left 
bank.  Although  it  would  have  been  possible  for  the  pilots  to  observe  this  and  deduce  that  an 
anomalous  flight  condition  existed,  these  visual  cues  began  very  gradually  and  were  subtle  and 
short  lived.  The  control  wheel  did  not  move  more  than  10°,  and  the  roll  angle  did  not  exceed  30° 
(only  slightly  greater  than  the  normal  autopilot  bank  limit  for  the  selected  left  turn),  until  about  8 
seconds  before  the  upset.  The  deviations  from  the  desired  airplane  attitude  were  becoming 
noticeable  about  the  time  that  the  pilots  were  increasing  engine  power  to  maintain  150  knots  and 
continued  as  the  captain  directed  the  first  officer’s  attention  to  the  airplane’s  airspeed  (about  5 
seconds  before  the  upset).  Given  this  distraction,  it  is  likely  that  the  subtle  visual  cues  that  were 
available  were  not  adequate  to  prompt  the  pilots  to  take  the  direct  and  aggressive  action  that 
would  have  been  necessary  to  avoid  the  upset. 

If  at  least  one  of  the  pilots  had  been  manually  monitoring  the  airplane’s 
(autopilot’s)  performance  by  maintaining  a  light  grip  on  the  control  wheel,  it  is  more  likely  that 
the  autopilot-commanded  right  control  wheel  application  (control  wheel  movement  in  the 
opposite  direction  to  the  turn)  would  have  been  noticed  at  some  point  before  the  autopilot 
disengaged.  However,  the  pilots  could  not  have  identified  the  buildup  in  control  wheel  forces 
that  would  have  preceded  and  accompanied  the  RWD  control  wheel  movements  unless  the 
autopilot  had  been  disengaged  and  they  were  flying  the  airplane  manually. 

Postaccident  simulator  tests  indicated  that  throughout  most  of  the  airplane’s  left 
roll,  even  up  to  the  time  the  autopilot  disengaged,  the  pilots  could  have  prevented  the  loss  of 
control  of  the  airplane  by  decreasing  the  AOA.  However,  when  the  autopilot  suddenly 
disengaged,  the  release  of  the  autopilot’s  RWD  control  input  allowed  the  ailerons  to  move 
rapidly  in  the  LWD  direction,  which  caused  the  airplane  to  immediately  roll  to  a  nearly  inverted 
attitude. 
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The  sudden  disengagement  of  the  autopilot  with  no  warning  to  the  flightcrew  is  an 
essential  difference  between  the  Comair  flight  3272  accident  and  the  Westair  flight  7233  incident 
(other  differences  include  the  following:  according  to  their  statements,  the  Westair  pilots  had 
activated  the  leading  edge  deicing  boots,  and  the  Westair  airplane’s  airspeed  was  below  its  target 
airspeed  for  about  3^/2  minutes,  whereas  Comair’ s  airspeed  was  below  the  target  airspeed  for  10 
seconds).  The  Westair  pilots  intentionally  disengaged  the  autopilot  and  resumed  flying  the 
airplane  manually  when  they  felt  the  airplane  shudder  or  rumble,  before  an  unusual  attitude 
developed.  Although  the  Westair  pilots  subsequently  experienced  several  roll  oscillations  and 
deviated  600  feet  below  their  assigned  altitude  before  they  extended  15°  of  flaps,  they  were  able 
to  regain  control  of  the  airplane.  Comair  flight  3272’ s  autopilot  automatically  disengaged,  and, 
because  of  the  left  roll  tendency,  the  airplane  rolled  left  to  a  nearly  inverted  attitude  almost 
immediately  after  the  autopilot  disengaged — before  the  pilots  had  their  hands  on  the  controls. 
The  Westair  airplane  remained  moderately  more  controllable  because  the  pilots  had  their  hands 
on  the  control  wheel  and  were  manually  flying  the  airplane  as  soon  as  the  autopilot  was 
disengaged;  further,  the  excessive  roll  oscillations  did  not  begin  until  about  4  seconds  after  the 
autopilot  disengaged.  It  is  likely  that  the  Comair  flight  3272  upset  event  would  have  been  more 
controllable  if  the  Comair  pilots  had  recognized  the  airplane’s  degraded  aerodynamic  condition 
and  disengaged  the  autopilot  to  fly  the  airplane  manually  before  the  autopilot  disengaged 
automatically  and  unexpectedly.  The  Safety  Board  concludes  that,  had  the  pilots  been  flying  the 
airplane  manually  (without  the  autopilot  engaged),  they  likely  would  have  noted  the  increased 
RWD  control  wheel  force  needed  to  maintain  the  desired  left  bank,  become  aware  of  the 
airplane’s  altered  performance  characteristics,  and  increased  their  airspeed  or  otherwise  altered 
their  flight  situation  to  avoid  the  loss  of  control. 

After  the  ATR-72  accident  near  Roselawn,  Indiana,  the  Safety  Board  issued 
Urgent  Safety  Recommendation  A-94-184  to  the  FAA  recommending,  in  part,  that  it  prohibit 
ATR-42/-72  pilots  from  using  the  autopilot  in  icing  conditions  because  of  the  autopilot’s  ability 
to  mask  the  airplane’s  changing  flight  condition.  The  FAA’s  response  prohibited  ATR  42/72 
pilots  from  using  the  autopilot  in  icing  conditions  unless  specific  modifications  were 
accomplished  or  alternative  procedures  and  training  were  adopted,  and  the  Safety  Board 
reclassified  Safety  Recommendation  A-94-184  “Closed — Acceptable  Action.”  Further,  based  on 
the  FAA’s  AD  96-09-24,  in  the  summer  of  1996,  Comair  revised  its  manuals  (based  on  Embraer 
changes)  to  indicate  that  because  “the  autopilot  may  mask  cues  that  indicate  adverse  changes  in 
handling  characteristics,  use  of  the  autopilot  is  prohibited”  in  SLD  icing  conditions. 

However,  the  circumstances  of  the  Comair  accident  demonstrate  that  restricting 
use  of  the  autopilot  only  when  the  airplane  is  operating  in  SLD  icing  conditions  may  not  be 
adequate.  Moreover,  an  airplane  may  encounter  a  hazardous  flight  condition  from  use  of  the 
autopilot  in  icing  conditions  that  may  not  be  perceptible  to  the  flightcrew.  Case  histories  indicate 
that  relying  on  pilots  to  activate  deicing  boot  systems  or  maintain  minimum  airspeeds  in  icing 
conditions  does  not  ensure  safe  operation  of  an  airplane  in  icing  conditions;  pilots  may  not 
always  be  attentive  enough  to  airspeeds,  they  may  not  recognize  the  onset  of  ice  accumulation  to 
trigger  deicing  boot  activation,  or  deicing  boot  activation  may  not  be  sufficient  to  prevent  icing- 
related  flight  control  anomalies  in  some  conditions  because  of  intercycle  icing.  However,  if  the 
pilots  of  Comair  flight  3272  had  intentionally  disengaged  the  autopilot  upon  the  onset  of  ice 
accretion,  the  autopilot  would  not  have  masked  the  tactile  cues  to  the  airplane’s  aerodynamic 
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degradation,  nor  would  the  autopilot  have  automatically  disengaged  at  a  subsequent,  more  critical 
time.  Thus,  the  pilots  would  not  have  initiated  their  recovery  from  an  extremely  unusual  attitude. 

The  Safety  Board  considered  whether  operation  of  the  autopilot  in  the  “[Vi  bank] 
angle”  mode,  as  recommended  in  the  “Descent/Holding/Landing”  section  of  Embraer’s  OB  No. 
120-002/96,  “Operation  in  Icing  Conditions,”  might  provide  an  adequate  level  of  safety  for  use  of 
the  autopilot  during  maneuvering  flight  in  icing  conditions.  The  Safety  Board  notes  that  the 
sideslip  and  severe  asymmetric  degradation  of  the  accident  airplane  appeared  not  to  have  begun 
(based  on  FDR  data)  until  the  airplane  reached  20°  of  left  bank  (at  1554:10).  However,  the 
Safety  Board  also  notes  that  the  autopilot’s  Vi  bank  angle  mode  only  applies  to  the  lateral  control 
mode  in  which  it  is  selected — when  the  autopilot  lateral  control  mode  changes  during  flight 
(either  pilot-commanded,  or  pilot  preselected,  such  as  during  the  transition  from  heading  mode  to 
approach  mode),  the  autopilot  reverts  to  commanding  standard  bank  angles.  Thus,  the  pilot 
would  need  to  reengage  the  Vi  bank  angle  mode  in  the  new  lateral  control  mode,  if  Vi  bank  angle 
mode  is  desired.  This  would  result  in  an  increased  pilot  workload  during  the  approach  phase  of 
flight  (already  a  high  workload  phase  of  flight)  or  the  task  (reengaging  Vi  bank  angle  mode) 
might  not  be  accomplished.  Thus,  the  Safety  Board  considers  it  unlikely  that  the  use  of  the 
autopilot’s  Vi  bank  angle  mode  while  operating  in  icing  conditions  (as  recommended  in 
Embraer’s  OB  120-002/96)  would  ensure  an  adequate  level  of  safety  to  EMB-120  pilots 
operating  in  conditions  conducive  to  the  formation  of  structural  ice. 

Therefore,  the  Safety  Board  concludes  that  disengagement  of  the  autopilot  during 
all  operations  in  icing  conditions  is  necessary  to  enable  pilots  to  sense  the  aerodynamic  effects  of 
icing  and  enhance  their  ability  to  retain  control  of  the  airplane.  Because  there  is  no  reason  to 
believe  that  these  circumstances  may  be  confined  to  the  ATR-72  and  the  EMB-120,  the  Safety 
Board  believes  that  the  FAA  should  require  all  operators  of  turbopropeller-driven  air  carrier 
airplanes  to  require  pilots  to  disengage  the  autopilot  and  fly  the  airplane  manually  when  they 
activate  the  anti-ice  systems. 

Further,  based  on  this  accident  and  other  air  carrier  incidents  (such  as  the 
Evergreen  International  B-747  discussed  in  section  1.18.5),  the  Safety  Board  has  considered  the 
feasibility  and  value  of  a  cockpit  warning  when  an  airplane  first  exceeds  the  autopilot’s 
maximum  bank  and/or  pitch  command  limits  to  alert  pilots  to  an  anomalous  situation. 
According  to  AlliedSignal  personnel,  it  is  possible  to  adjust  their  recent  model  ground  proximity 
warning  systems  (GPWS)  to  provide  a  cockpit  bank  angle  warning  when  the  airplane  s  bank 
angle  exceeds  the  autopilot’s  normal  command  limit  with  the  autopilot  activated.  The  Safety 
Board  concludes  that  if  the  pilots  of  Comair  flight  3272  had  received  a  GPWS,  autopilot,  or  other 
system-generated  cockpit  warning  when  the  airplane  first  exceeded  the  autopilot’s  maximum 
bank  command  limits  with  the  autopilot  activated,  they  might  have  been  able  to  avoid  the 
unusual  attitude  condition  that  resulted  from  the  autopilot’s  sudden  disengagement.  Therefore, 
the  Safety  Board  believes  that  the  FAA  should  require  all  manufacturers  of  transport-category 
airplanes  to  incorporate  logic  into  all  new  and  existing  transport-category  airplanes  that  have 
autopilots  installed  to  provide  a  cockpit  aural  warning  to  alert  pilots  when  the  airplane  s  bank 
and/or  pitch  exceeds  the  autopilot’s  maximum  bank  and/or  pitch  command  limits. 
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2.5.5  Flightcrew’s  Ability  to  Recover  From  the  Upset 

Although  the  FDR  data  indicated  that  the  pilots  responded  to  the  upset  within  1 
second  of  the  autopilot  disengagement,  and  the  airplane  responded  somewhat  to  the  control 
wheel  inputs,  the  airplane  did  not  respond  normally  or  promptly.  This  is  likely  because  the 
airplane’s  flight  handling  characteristics  were  altered  by  ice  accumulation  and  the  highly 
dynamic  nature  of  the  subsequent  maneuvers.  The  pilots  of  Comair  flight  3272  had  received 
unusual  attitude  training,  including  rolls  into  extreme  attitudes  and  recoveries,  which  the  Safety 
Board  advocates  for  all  air  carrier  pilots.  However,  because  of  the  degraded  lateral  and 
longitudinal  control  response  (and  the  unknown  degree  to  which  these  controls  were  degraded), 
the  Safety  Board  was  unable  to  determine  the  extent  to  which  the  unusual  attitude  training 
received  by  the  pilots  (or  any  other  variant  of  this  training)  might  have  allowed  them  to  affect  a 
recovery.  Although  the  pilots  reacted  promptly  to  the  autopilot  disengagement  and  applied 
control  wheel  inputs  to  counter  the  resultant  abrupt  left  roll,  they  were  not  able  to  regain  control 
of  the  airplane  because  of  the  airplane’s  extreme  unusual  attitude,  the  highly  dynamic  nature  of 
the  subsequent  maneuvers,  the  presence  and  effect  of  ice  on  the  wings,  and  the  low  altitude  at 
which  the  loss  of  control  occurred.  The  airplane  entered  an  extreme  nose-down  pitch  attitude 
from  which  it  did  not  recover. 

2.6  FAA  Oversight  Issues 

The  Safety  Board’s  investigation  of  this  accident  raised  concerns  about  the  FAA’s 
continuing  airworthiness  oversight  of  the  EMB-120  and  the  agency’s  oversight  of  icing-related 
incidents  and  accidents  involving  turbopropeller-driven  transport  airplanes,  the  adequacy  of 
existing  FAA  regulatory  requirements  for  the  certification  of  transport-category  airplanes  for 
flight  into  icing  conditions  (specifically  14  CFR  Part  25  appendix  C  and  Section  25.1419),  the 
FAA’s  policies  for  AFM  and  air  carrier  operating  manual  revisions,  and  the  sharing  of 
information  related  to  such  revisions  between  the  FAA’s  certification  and  flight  standards 
personnel. 


2.6.1  FAA  Continuing  Airworthiness  Oversight  Issues 

The  Safety  Board  notes  that,  like  the  ATR-42  and  -72,  the  EMB-120  exhibited  a 
history  of  icing-related  upsets/losses  of  control  before  being  involved  in  a  related  fatal  accident. 
At  the  time  of  the  Comair  accident,  six  icing-related  EMB-120  events  had  been  documented,  the 
first  of  which  occurred  in  June  1989.'^^  The  Safety  Board’s  review  of  these  incidents  shows  that 
before  the  Comair  accident,  the  EMB-120  fleet  had  experienced  repeated  instances  of  roll  upsets 
associated  with  ice  accumulations  that  the  pilots  either  did  not  observe  or  did  not  consider 
sufficient  to  prompt  activation  of  the  deicing  boots. 


Similarly,  before  the  ATR-72  accident  at  Roselawn,  Indiana,  the  FAA  had  been  aware  of  a 
number  of  prior  ATR  upset  events.  The  FAA  had  concluded  that  these  incidents  were  essentially  pilot-induced  stall 
events;  however,  further  investigation  revealed  that  there  were  more  complex  airplane  controllability  issues  involved 
in  the  ATR  upset  events. 
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FAA  and  Embraer  personnel  had  noted  the  recurring  events,  and  the  FAA 
presented  a  summary  of  the  six  events  at  an  FAA/industry  meeting  (attended  by  Safety  Board 
staff)  on  November  7,  1995.  Further,  the  FAA  and  Embraer  discussed  the  events  with 
representatives  from  Comair  and  other  operators  at  a  meeting  on  November  15,  1995,  and 
additional  discussion  took  place  during  the  EMB-120  SLD  icing  tanker  tests  in  December  1995. 
An  FAA  engineer  reviewed  these  six  incidents  in  a  draft  report  dated  January  26,  1996  (see 
section  1.18.2.3). 

The  Safety  Board  has  been  unable  to  obtain  information  about  the  specific 
disposition  of  the  draft  report  within  the  FAA,  although  the  FAA  asserted  after  the  accident  that 
this  report  did  not  reflect  the  official  views  of  the  FAA.  Nevertheless,  the  Safety  Board  notes 
that  more  than  1  year  before  the  accident,  at  least  some  members  of  the  FAA  certification  staff 
responsible  for  handling  EMB-120  icing  issues  were  concerned  about,  and  were  considering 
recommendations  on,  the  following  issues:  1)  the  airplane’s  roll  behavior  with  ice  accretion,  2) 
high  drag  from  ice  accretions  that  are  not  considered  by  the  flightcrew  to  warrant  activating  the 
deicing  boots,  3)  inadequate  stall  warning  in  icing  conditions,  4)  inadequate  stall  margin  with  the 
airspeed  established  for  use  in  icing  conditions,  and  5)  problems  stemming  from  the  use  of  the 
autopilot  in  these  conditions. 

The  FAA’s  official  response  to  the  six  preaccident  EMB-120  icing-related  events, 
as  expressed  to  the  Safety  Board  by  aircraft  certification  office  (ACO)  personnel,  was  that  these 
incidents  shared  a  common  factor — flightcrew  failure  to  activate  the  leading  edge  deicing  boots. 
The  FAA  apparently  believed  that  the  EMB-120  was  safe  to  operate  in  icing  conditions  as  long 
as  the  boots  were  operated. 

Hence,  the  FAA’s  primary  action  regarding  EMB-120  icing  before  the  accident 
was  to  approve  the  Embraer-proposed,  CTA-approved  revision  to  the  AFM  that  pilots  activate 
the  boots  at  the  first  indication  of  ice  accumulation  (revision  43).  In  doing  so,  the  FAA  ACO 
apparently  did  not  accept  the  draft  report’s  conclusions,  which  recognized  that  pilots  would  not 
activate  the  boots  if  they  did  not  recognize  ice  accumulation,  that  an  engaged  autopilot  masked 
the  tactile  cues  of  icing,  and  that  under  these  conditions,  the  flightcrew  also  could  be  deprived  of 
an  adequate  stall  warning. 

The  Safety  Board  notes  with  disappointment  that  this  was  the  latest  in  a  series  of 
limited  actions  taken  by  the  FAA  to  address  the  problems  of  structural  icing  in  transport  airplane 
certification  and  operation.  Basic  knowledge  about  the  aerodynamics  of  icing  (including  the 
knowledge  regarding  the  hazards  of  small  amounts  of  surface  roughness/ice)  has  been  well 
established  for  the  past  50  years  (see  section  1.18.1),  and  there  is  nothing  that  has  been  learned  in 
the  most  recent,  postaccident  wind  tunnel  tests  and  analyses  that  could  not  have  been  learned 
before  this  Comair  accident. 

Many  of  the  concerns  raised  about  icing  in  this  investigation  were  previously 
identified  by  the  Safety  Board  as  early  as  its  September  1981  study  on  icing  avoidance  and 
protection.  The  study  raised  concerns  about  the  adequacy  of  the  Part  25  appendix  C  envelope 
and  icing  certification  and  the  difficulties  in  defining  and  forecasting  icing  conditions;  as  a  result 
of  the  study,  the  Safety  Board  recommended,  in  part,  that  the  FAA  evaluate  individual  aircraft 
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performance  in  icing  conditions  and  establish  operational  limits,  review  icing  criteria  in  Part  25 
and  expand  (adjust)  the  Part  25  appendix  C  envelope  as  necessary,  and  establish  standardized 
procedures  for  icing  certification.  For  many  years,  the  FAA  did  not  respond  positively  to  the 
Safety  Board’s  recommendations,  indicating  that  icing  was  not  a  significant  problem  for 
airplanes  certificated  under  Part  25  appendix  C.  However,  subsequent  icing-related  accidents  at 
Pasco,  Washington  (in  December  1989),  and  Beckley,  West  Virginia  (in  January  1991),  revealed 
that  flight  control  anomalies  could  result  from  tailplane  icing  (see  section  1.18.7)  and  an  icing- 
related  accident  at  Cleveland,  Ohio  (in  February  1991),  revealed  that  slightly  rough  ice 
accumulations  on  the  wing  upper  surface  can  result  in  hazardous  flight  handling 
characteristics.^**  Further,  the  October  1994  ATR-72  accident  at  Roselawn,  Indiana, 
demonstrated  that  icing  outside  the  Part  25  appendix  C  envelope  could  be  a  significant  problem 
for  airplanes  certificated  to  operate  in  icing  conditions. 

After  this  series  of  fatal  accidents  (all  of  which  involved  icing  in  transport 
airplanes  operated  in  air  carrier  service)  drew  attention  to  icing-related  hazards,  the  FAA  reacted 
incrementally  to  tailplane  icing,  then  rough  ice  accumulations  on  the  upper  wing,  and  then,  later, 
to  runback  icing  (SLD).  The  Safety  Board  recognizes  that  following  the  Comair  flight  3272 
accident,  the  FAA  began  an  important  icing-related  research  program  with  Embraer  and  the 
UIUC.  This  work  has  resulted  in  findings  about  the  effects  of  thin/rough  ice  accretions  and  ice 
ridges  on  boots,  with  other  possible  factors  (such  as  intercycle  icing  and  residual  ice  on  boots)  as 
yet  unknown  or  unresolved.  However,  had  the  FAA  adequately  responded  to  the  Safety  Board’s 
1981  icing  recommendation,  the  earlier  accidents,  or  the  concerns  expressed  in  its  own  staff’s 
draft  report  on  the  EMB-120  and  conducted  a  thorough  program  of  icing-related  research  that 
defined  a  course  of  action  to  prevent  similar  incidents  by  addressing  the  certification  and 
operational  issues  (autopilot  use  in  icing  conditions,  no  autopilot  bank  angle  exceedence 
warning,  no  stall  waming/protection  system  adjustment  for  icing  conditions,  the  effects  of  thin, 
rough  ice  and  SLD  accretions,  etc.),  this  accident  would  likely  have  been  avoided. 

The  Safety  Board  notes  that  the  failure  of  the  FAA  to  promptly  and  systematically 
address  these  certification  and  operational  issues  resulted  in  the  pilots  of  Comair  flight  3272 
being  in  a  situation  in  which  they  lacked  sufficient  tools  (autopilot  bank  angle  warning,  adjusted 
stall  waming/protection  system,  ice  detection  system,  adequate  deice  procedures)  and 
information  (airspeed  guidance,  hazards  of  thin  rough  ice  accretions,  and  absence  of  ice  bridging) 
to  operate  safely.  The  Safety  Board  concludes  that  despite  the  accumulated  lessons  of  several 
major  accidents  and  (in  the  case  of  the  EMB-120)  the  specific  findings  of  a  staff  engineer,  the 
FAA  failed  to  adopt  a  systematic  and  proactive  (rather  than  incremental  and  reactive)  approach  to 
the  certification  and  operational  issues  of  turbopropeller-driven  transport  airplane  icing,  which 
was  causal  to  this  accident. 


As  discussed  in  section  1.18.1.1,  there  have  been  five  DC-9  series  10  airplane  takeoff  accidents 
attributed  to  upper  wing  ice  contamination  in  the  United  States  since  1968.  Although  these  accidents  involved 
turbojet-driven  airplanes  (not  turbopropeller-driven  airplanes,  like  the  other  icing-related  incidents/accidents 
discussed  in  this  report),  the  issue  of  the  FAA’s  failure  to  address  icing-related  operational  and  certification  issues  is 
pertinent  to  all  airplanes  certificated  for  flight  in  icing  conditions. 
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2.6.2  Icing  Certification  Requirements 

The  Safety  Board  reviewed  EMB-120  test  data  from  the  original  certification  of 
the  airplane  for  flight  in  icing  conditions  (U.S.  and  Canadian  tests)  and  the  subsequent  SLD  icing 
certification  tests,  which  were  conducted  in  1995  as  a  result  of  the  ATR-72  accident  near 
Roselawn,  Indiana.  The  Safety  Board  found  no  evidence  that  the  EMB-120  did  not  satisfy  the 
tests  to  which  it  was  subjected;  in  fact,  during  these  tests,  Embraer  demonstrated  the  airplane’s 
flight  handling  qualities  under  conditions  that  exceeded  the  boundaries  of  the  Part  25  appendix  C 
envelope  in  terms  of  LWC. 

Despite  the  apparent  fulfillment  of  all  icing  certification  requirements  by  the 
EMB-120,  Comair  flight  3272  crashed  after  apparently  accreting  a  thin  layer  of  rough, 
“sandpaper-type”  ice,  in  icing  conditions  that  likely  fell  mostly  within  the  boundaries  of  Part  25 
appendix  C,  although  droplets  as  large  as  400  microns  might  have  been  present. 

Consequently,  the  Safety  Board  reviewed  the  adequacy  of  the  current  FAA 
requirements  for  the  certification  of  airplanes  for  flight  in  icing  conditions.  For  an  airplane  to  be 
certificated  for  flight  in  icing  conditions,  the  FAA  requires  the  manufacturer  to  demonstrate  a 
limited  number  of  test  data  points  within  the  Part  25  appendix  C  envelope.  The  FAA’s  icing 
certification  requirements  are  based  on  fully  functioning  and  operating  anti-icing  and  deicing 
systems.  Although  there  is  no  requirement  for  manufacturers  to  consider  the  effects  of  delayed 
activation  of  ice  protection  systems,  intercycle  or  residual  ice  accumulations,  or  other  variables 
that  might  result  in  significant  aerodynamic  effects,  Embraer  exceeded  the  minimum  FAA 
requirements  when  Embraer  tested  the  EMB-120  with  %-inch  (U.S.)  and  1-inch  (Canada)  ice 
accretions/shapes  during  initial  icing  certification.'*^  Certification  records  indicate  that  the 
EMB-120  successfully  exhibited  satisfactory  flight  handling  characteristics  with  3-inch  ram’s 
horn  ice  shapes  installed  on  unprotected  surfaces.  Further,  during  the  SLD  icing  controllability 
tests,  the  FAA  tested  the  EMB-120  with  quarter-round  artificial  ice  shapes  as  large  as  1  inch 
located  at  the  aft  edge  of  the  farthest  aft  inflatable  deicing  boot  segment  (to  represent  ice 
accumulated  in  icing  conditions  that  fall  outside  the  Part  25  appendix  C  envelope).  The  airplane 
exhibited  full  lateral  controllability  and  satisfactory  stall  warning  characteristics  in  this 
condition.'^'' 


However,  Embraer  had  not  demonstrated  (nor  was  the  company  required  by  the 
certification  authorities  to  demonstrate)  the  EMB-120’s  performance  in  other  ice  configurations 
that  would  result  from  weather  conditions  within  the  Part  25  appendix  C  LWC  and  droplet  size 


For  U.S.  (FAA)  icing  certification,  the  EMB-120  was  tested  with  V4  inch,  ‘/2  inch,  and  %  inch  of 
natural  ice  on  protected  surfaces,  up  to  4  inches  of  natural  ice  accumulation  on  unprotected  airfoil  surfaces,  and  3- 
inch  ram’s  horn  artificial  ice  shapes  on  unprotected  surfaces;  except  for  the  %-inch  natural  ice  on  protected  surfaces, 
these  conditions  could  be  encountered  while  operating  in  icing  conditions  in  accordance  with  procedures  outlined  in 
the  EMB-120  AFM.  However,  for  Canadian  icing  certification,  the  EMB-120  was  tested  with  artificial  ice  shapes 
representing  conditions  considered  to  be  outside  normal  operation  with  deicing  boots  activated  (l-inch  ram  s  horn 
ice  shapes  on  protected  surfaces). 

Although  some  control  wheel  force  exceedences  were  observed,  tanker  tests  identified  more 
realistic  ice  shapes;  during  subsequent  tests  with  the  realistic  ice  shapes,  no  excessive  control  wheel  forces  or  other 
anomalies  were  noted. 
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envelope,  including  realistic  ice  shapes  (or  natural  ice)  representing  a  thin  layer  of  sandpaper- 
type  ice  with  a  small  ice  ridge  (as  may  have  been  experienced  by  Comair  flight  3272).  As 
discussed  in  section  2.4,  postaccident  icing  and  wind  tunnel  information  indicated  that  with  a 
small  ice  ridge  along  that  thin  rough  surface,  the  aerodynamic  effect  on  handling  and  stall 
margin/stall  warning  (reduced  stall  AOA  and  rapid  decrease  in  lift)  can  be  worse  than  any  of  the 
ice  shapes  that  the  FAA  required  for  icing  certification. 

The  Safety  Board’s  review  of  data  from  natural  icing  flight  tests  revealed  that  the 
airplane’s  handling  characteristics  were  evaluated  with  l/2-inch  accretions  on  protected  surfaces 
and  that  the  deicing  boots’  ability  to  remove  ice  accretions  of  up  to  Vi  inch  was  assessed. 
Embraer  was  not  required  to  demonstrate  the  EMB-120’s  stall  characteristics  in  adverse 
operational  scenarios,  including  delayed  boot  activation,  intercycle  ice  accretion,  or  residual  ice 
on  boots.  As  a  result  of  the  existing  icing  certification  procedures,  the  FAA  did  not  account  for  a 
thin  ice  accumulation  (as  was  identified  during  this  investigation,  and  which  may  not  be  observed 
or  perceived  by  pilots  to  be  a  threat)  that  could  result  in  a  more  hazardous  situation  than  the  3- 
inch  ram’s  hom  shape  (which  is  readily  recognizable  by  pilots  as  a  hazard  and  would  certainly 
prompt  activation  of  the  boots).  The  Safety  Board  is  concerned  that  there  may  be  other 
unaccounted  for  ice  shapes  and/or  accretion  patterns  that  could  result  in  potentially  hazardous 
performance  degradation. 

The  Safety  Board  is  also  concerned  that  the  current  icing  certification  process  is 
overly  dependent  upon  pilot  performance;  the  FAA  has  long  based  its  icing  certification  policies 
and  practices  on  the  assumption  that  pilots  will  perform  their  duties  without  error  or 
misperception.  FAA  icing-related  publications  indicate  that  if  ice  formations  other  than  those 
considered  in  the  certification  process  are  present,  the  airplane’s  airworthiness  may  be 
compromised.  After  an  airplane  is  certificated  by  the  FAA  for  flight  in  appendix  C  icing 
conditions,  it  becomes  primarily  the  pilots’  responsibility  to  ensure  that  the  airplane  is  operated 
in  icing  conditions  for  which  it  was  certificated.  However,  as  noted  during  the  investigation  of 
the  ATR-72  accident  at  Roselawn,  during  normal  flight  operations,  pilots  often  cannot  tell  the 
difference  between  icing  conditions  that  fall  within  the  appendix  C  envelope  and  icing  conditions 
outside  the  appendix  C  envelope.*^*  (For  example,  a  pilot  cannot  differentiate  between  40 
micron  droplets  and  100  micron  droplets.)  Because  pilots  often  cannot  determine  whether  icing 
conditions  are  consistent  with  “those  considered  in  the  certification  process”  (i.e.,  limited  points 
within  the  appendix  C  certification  envelope),  or  not  (i.e.,  SLD  icing  conditions,  or  other 
potentially  hazardous  conditions  that  were  not  subjected  to  testing,  analysis,  or  demonstration 
during  icing  certification  work),  it  is  virtually  inevitable  that  the  airplane  will  unknowingly  be 
operated  in  icing  conditions  that  fall  outside  the  certification  envelope,  or  in  which  the  airplane 
had  not  demonstrated  that  it  could  operate  safely. 

Further,  as  has  been  recognized  for  50  years  or  more,  and  demonstrated  in 
accidents  in  the  1970s,  1980s,  and  early  1990s,  and  then  again  in  the  Comair  flight  3272 
accident,  surface  roughness/ice  accretions  that  may  be  imperceptible  or  appear  insignific2int  to 
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The  FAA  has  since  required  manufacturers  of  turbopropeller-driven  airplanes  to  develop  visual 
cues  for  SLD  icing;  however,  the  cues  were  based  on  very  limited  testing.  Thus,  the  Safety  Board  is  not  convinced 
that  such  cues  will  exist  for  all  icing  conditions  outside  the  appendix  C  icing  envelope. 
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pilots  can  adversely  affect  the  operation  of  the  airplane.  However,  because  of  the  imperceptible 
or  seemingly  insignificant  nature  of  those  accretions,  pilots  who  operate  the  airplane’s  deicing 
boots  in  accordance  with  manufacturer’s  guidance  (that  advises  them  to  wait  until  a 
recommended  thickness  of  ice  accretes)  may  not  activate  the  deicing  boots  under  these 
circumstances.  An  article  written  by  a  Douglas  Aircraft  Company  design  engineer  (published  in 
January  1979)  indicated  that  although  most  pilots  are  aware  of  the  adverse  aerodynamic  effects 
of  large  amounts  of  ice,  pilots  appear  less  aware  that  seemingly  insignificant  amounts  of  thin, 
rough  ice  on  an  airfoil’s  leading  edge  can  significantly  degrade  the  airplane  s  flight 
characteristics.  The  deicing  boot  operating  procedures  now  contained  in  most  airplane  manuals 
contribute  to  this  lack  of  awareness  by  advising  pilots  to  wait  until  a  recommended  thickness  of 
ice  accretes. 


During  the  investigation  of  this  accident,  arguments  were  made  that  the  pilots 
caused  the  accident  because  they  accepted  an  airspeed  10  knots  slower  than  Comair’s  FSM 
recommended  for  holding  in  icing  conditions.  However,  the  Safety  Board  notes  that  an  EMB- 
120  loaded  and  configured  similar  to  Comair  flight  3272,  and  operated  at  150  knots  without  any 
ice  accretions,  would  have  a  36-knot  margin  between  its  operating  airspeed  and  the  stall  speed. 
This  margin  would  likely  appear  to  be  an  adequate  safety  margin  to  a  pilot  who  did  not  recognize 
that  the  airplane  was  accumulating  ice  or  did  not  believe  that  enough  ice  had  accumulated  to 
warrant  activation  of  the  deicing  boots.  The  flight  handling  testing  that  occurred  during  the  icing 
certification  process  did  not  identify  that  control  problems  that  were  observed  in  the  accident 
airplane’s  performance  at  an  airspeed  of  about  156  knots  (only  4  knots  below  the  160-knot 
minimum  speed  for  flight  in  icing  conditions  set  by  the  FAA  following  the  Comair  accident)  with 
only  a  small  amount  of  ice  accreted  on  the  deicing  boots.  It  is  possible  that  if  the  FAA  had 
required  manufacturers  to  conduct  tests  with  small  amounts  of  rough-textured  ice  accreted  on  the 
protected  surfaces  (as  might  occur  before  boot  activation  and  between  boot  cycles)  during  icing 
certification  testing,  the  absence  of  an  adequate  safety  margin  above  the  stall  speed  would  have 
been  identified.  Further,  the  FAA  could  have  ensured  pilot  awareness  of  icing  and  adequate  stall 
warning  by  requiring  manufacturers  to  install  ice  detectors  and  stall  warning  systems  with 
reduced  AO  A  thresholds  for  operations  in  icing  conditions. 

Based  on  its  concerns  that  the  current  icing  certification  standards  did  not  require 
testing  for  all  realistic  hazardous  ice  accretion  scenarios,  in  its  1981  icing-related  safety  study, 
the  Safety  Board  recommended  that  the  FAA  review  the  adequacy  of  the  1950s-era  Part  25 
appendix  C  icing  envelope,  update  the  procedures  for  aircraft  icing  certification  ,  and  oversee  the 
manufacturers’  evaluations  of  aircraft  performance  in  various  icing  conditions.  The 
circumstances  of  the  Comair  flight  3272  accident  demonstrated  again  the  continuing  need  for 
these  FAA  actions.  The  Safety  Board  considers  the  information  that  has  been  available  regarding 
thin,  rough  ice  accretions  sufficient  to  have  prompted  the  FAA  to  require  additional  testing 
within  the  appendix  C  envelope  to  demonstrate  the  effects  of  thin,  rough  ice  as  part  of  the  icing 
certification  process.  Had  the  FAA  required  such  additional  testing,  the  resultant  information 
regarding  the  stall  margin  and  operational  envelope  of  the  EMB-120  might  have  been  used  to 
define  minimum  airspeeds  for  operating  the  airplane  in  icing  conditions.  Therefore,  based  on  its 


1970s. 


Rosemount  ice  detectors  were  first  used  in  military  and  transport-category  airplanes  in  the  early 
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review  of  the  history  of  icing  information,  the  icing-related  incident  and  accident  history,  the 
EMB-120  initial  icing  certification  data,  the  EMB-120  SLD  icing  controllability  test  results,  and 
the  circumstances  of  this  accident,  the  Safety  Board  concludes  that  the  icing  certification  process 
has  been  inadequate  because  it  has  not  required  manufacturers  to  demonstrate  the  airplane’s 
flight  handling  and  stall  characteristics  under  a  sufficiently  realistic  range  of  adverse  ice 
accretion/flight  handling  conditions. 

As  a  result  of  its  investigation  of  the  1994  Roselawn  accident,  the  Safety  Board 
issued  Safety  Recommendations  A-96-54  and  A-96-56  (currently  classified  “Open — Acceptable 
Response”),  which,  respectively,  stated  that  the  FAA  should  do  the  following: 

Revise  the  icing  criteria  published  in  14  CFR  Parts  23  and  25,  in  light  of  both 
recent  research  into  aircraft  ice  accretion  under  varying  conditions  of  liquid 
water  content,  drop  size  distribution,  and  temperature,  and  recent 
developments  in  both  the  design  and  use  of  aircraft.  Also,  expand  the 
Appendix  C  icing  certification  envelope  to  include  freezing  drizzle/freezing 
rain  and  mixed  water/ice  crystal  conditions  as  necessary. 

Revise  the  icing  certification  testing  regulation  to  ensure  that  airplanes  are 
properly  tested  for  all  conditions  in  which  they  are  authorized  to  operate,  or 
are  otherwise  shown  to  be  capable  of  safe  flight  into  such  conditions.  If  safe 
operations  cannot  be  demonstrated  by  the  manufacturer,  operational 
limitations  should  be  imposed  to  prohibit  flight  in  such  conditions  and 
flightcrews  should  be  provided  with  the  means  to  positively  determine  when 
they  are  in  icing  conditions  that  exceed  the  limits  for  aircraft  certification. 

(The  status  of  these  recommendations  is  discussed  in  section  1.18.3.) 

Further,  based  on  a  perceived  depletion  of  the  FAA’s  technical  expertise,  the  1993 
U.S.  General  Accounting  Office  report  entitled  “Aircraft  Certification:  New  FAA  Approach 
Needed  to  Meet  Challenges  of  Advanced  Technology”  recommended  that  the  FAA  should  hire 
more  technical  subject  matter  specialists  in  various  areas,  including  that  of  environmental  icing. 
(See  section  1.17.2.2.)  After  the  Roselawn  accident,  the  FAA  developed  a  three-phase,  multi¬ 
pronged  plan  to  address  icing-related  concerns,  including  operational  issues,  forecasting/defining 
icing  conditions,  certification  issues,  validating  simulation  methods,  identifying  the  aerodynamic 
effects  of  accretion,  and  identifying  visual  cues  to  various  hazardous  icing  conditions  and  (about 
2  years  after  the  Roselawn  accident)  hired  its  current  Environmental  Icing  National  Resource 
Specialist  (NRS).  In  January  1998,  the  FAA’s  Environmental  Icing  NRS  updated  the  Safety 
Board  on  the  FAA’s  progress  with  its  plan,  indicating  that  the  first  two  phases  have  been 
completed  and  progress  is  being  made  in  several  aspects  of  Phase  HI  (specifically  in  the  areas  of 
understanding  the  effects  of  various  ice  accretions,  operational  issues  such  as  bridging,  and 
development  of  ice  detection/protection  equipment). 

The  Safety  Board  notes  that  the  FAA’s  three-phase  plan  could  potentially  satisfy 
the  need  for  a  comprehensive  review  of  all  aspects  of  structural  icing  in  turbopropeller-driven 
transport  airplanes.  However,  the  regulatory/certification  changes  addressed 
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during  Phase  HI  have  encountered  delays.  FAA  personnel  reported  to  the  Safety  Board  that  their 
attempts  to  produce  an  advisory  circular  (AC)  that  would  appropriately  revise  methods  of 
compliance  with  Parts  23/25  and  Part  25  appendix  C  were  not  successful;'^^  therefore,  they 
changed  their  approach  to  the  problem  and  issued  two  of  three  proposed  ACs  addressing  changes 
to  methods  of  compliance  and  are  going  through  the  rulemaking  process  for  the  needed 
regulatory  changes.  According  to  FAA  personnel,  ACs  addressing  methods  of  compliance  with 
Parts  23  and  25  were  issued  on  August  19,  1998,  and  March  31,  1998,  respectively,  and  the 
newly  created  AC  25.1419  is  currently  in  draft  form,  with  no  estimated  issue  date  available. 
FAA  personnel  estimated  that  the  rulemaking  process  will  probably  not  be  completed  until 
January  2000. 


In  response  to  the  Safety  Board’s  Safety  Recommendations  A-96-54  and  A-96-56, 
the  FAA  assigned  ARAC  working  groups  to  accomplish,  in  part,  the  following:  to  establish 
criticality  of  ice  accretions  on  airplane  performance  and  handling  qualities,  to  develop  icing 
certification  criteria  for  the  safe  operation  of  airplanes  in  icing  conditions  that  are  not  covered  by 
the  current  certification  envelope,  and  to  consider  the  development  of  a  regulation  requiring  the 
installation  of  ice  detectors  or  equivalent  means  to  warn  flightcrews  of  ice  accumulations.  The 
Safety  Board  appreciates  the  efforts  of  the  FAA  Environmental  Icing  NRS  and  the  ARAC 
working  groups,  and  the  Safety  Board  concludes  that  the  work  conducted  by  the  FAA 
Environmental  Icing  NRS  and  the  ARAC  icing-related  working  groups  is  of  crucial  importance 
to  the  future  safety  of  icing  operations.  Consequently,  the  Safety  Board  believes  that  the  FAA 
should  expedite  the  research,  development,  and  implementation  of  revisions  to  the  icing 
certification  testing  regulations  to  ensure  that  airplanes  are  adequately  tested  for  the  conditions  in 
which  they  are  certificated  to  operate;  the  research  should  include  identification  (and 
incorporation  into  icing  certification  requirements)  of  realistic  ice  shapes  and  their  effects  and 
criticality.  Further,  the  Board  reiterates  Safety  Recommendation  A-96-54  and  A-96-56  to  the 
FAA. 


The  Safety  Board  further  notes  that  according  to  the  FAA’s  EMB-120  Aircraft 
Certification  Program  Manager  and  Environmental  Icing  NRS,  the  new  standards,  criteria,  and 
methods  of  compliance  contained  in  Parts  23  and  25  and  corresponding  advisory  circulars  (ACs) 
that  are  currently  being  developed  would  be  applied  only  to  future  icing  certification  projects  and 
would  not  be  retroactively  applied  to  airplanes  currently  certificated  for  flight  in  icing  conditions. 
The  Safety  Board  is  concerned  that  if  the  FAA  does  not  retroactively  apply  the  revised  icing 
certification  standards  and  methods  of  compliance  to  airplanes  currently  certificated  for  flight  in 
icing  conditions,  flight  handling/controllability  anomalies  that  have  not  been  accounted  for  may 
remain  unaccounted  for  until  after  a  fatal  accident,  as  occurred  in  the  ATR-72  accident  at 
Roselawn  and  the  EMB-120  accident  at  Monroe,  Michigan.  The  Safety  Board  concludes  that  the 
potential  consequences  of  operating  an  airplane  in  icing  conditions  without  first  having 
thoroughly  demonstrated  adequate  handling/controllability  characteristics  in  those  conditions  are 
sufficiently  severe  that  they  warrant  as  thorough  a  certification  test  program  as  possible. 


According  to  the  FAA’s  Environmental  Icing  NRS,  FAA  legal  personnel  determined  that 
portions  of  the  AC  appeared  to  require  regulatory  changes  and  therefore  could  not  be  addressed  solely  by  means  of 
an  AC. 


171 


including  application  of  revised  standards  to  airplanes  currently  certificated  for  flight  in  icing 
conditions. 


Therefore,  the  Safety  Board  believes  that  the  FAA  should,  when  the  revised  icing 
certification  standards  and  criteria  are  complete,  review  the  icing  certification  of  all 
turbopropeller-driven  airplanes  that  are  currently  certificated  for  operation  in  icing  conditions 
and  perform  additional  testing  and  take  action  as  required  to  ensure  that  these  airplanes  fulfill  the 
requirements  of  the  revised  icing  certification  standards.  Further,  pending  the  accomplishment  of 
these  actions,  the  Safety  Board  believes  that  the  FAA  should  review  turbopropeller-driven 
airplane  manufacturers’  AFMs  and  air  carrier  flightcrew  operating  manuals  (where  applicable)  to 
ensure  that  these  manuals  provide  operational  procedures  for  flight  in  icing  conditions,  including 
the  activation  of  leading  edge  deicing  boots,  the  use  of  increased  airspeeds,  and  disengagement  of 
autopilot  systems  before  entering  icing  conditions  (that  is,  when  other  anti-icing  systems  have 
traditionally  been  activated). 


2.6.3  FAA  Policies  for  Airplane  Flight  Manuals  and  Air  Carrier  Operating 

Manual  Revisions 

Because  FAA  Order  8400.10,  “Air  Transportation  Operations  Inspector’s 
Handbook,”  only  requires  operators  to  maintain  a  flight  manual  that  complies  with  existing 
regulations  and  “safe  operating  procedures,”  Comair  was  not  required  to  incorporate 
manufacturer-recommended  procedures  or  revisions.  In  addition  to  the  air  carrier’s  decision  not 
to  incorporate  the  procedures  contained  in  Embraer’s  EMB-120  AFM  revision  43  into  its  own 
FSM,  Comair  also  had  not  incorporated  Embraer’s  long-standing  procedures  for  the  use  of 
engine  ignition  and  inlet  deice  boots  in  icing  conditions.  Because  this  investigation  revealed 
several  instances  in  which  Comair  elected  not  to  incorporate  potentially  critical  safety-of-flight 
AFM  procedures  into  its  operating  manual  and  because  the  POI  for  Comair  (although  he  had 
received  a  copy  of  AFM  revision  43  from  Embraer)  was  apparently  not  concerned  by  the 
operators’  failure  to  incorporate  such  procedures,  the  Safety  Board  became  concerned  that  the 
FAA’s  procedures  for  the  management  and  oversight  of  air  carriers’  manuals  may  not  be 
adequate. 


Although  it  was  somewhat  controversial,  revision  43  had  been  reviewed  by  FAA 
and  CTA  certification  personnel  and  had  been  approved  by  these  certification  authorities  as  the 
proper  way  to  operate  the  equipment.  However,  at  the  time  of  the  accident,  Comair  and  four  of 
the  other  six  U.S.-based  EMB-120  operators  had  not  incorporated  revision  43  in  their  flightcrew 
operating  manuals.  This  was  possible,  in  part,  because  the  FAA  had  not  mandated  incorporation 
of  AFM  revision  43  into  operators’  procedures.  (Further,  the  FAA  had  not  required  Comair  to 
incorporate  AFM  guidance  advising  pilots  to  increase  approach  airspeeds  by  5  to  10  knots  when 
operating  in  icing  conditions.)  In  its  October  1997  memo,  the  FAA  stated  that  it  would  only 
issue  an  AD  to  mandate  an  AFM  revision  when  it  considered  the  change  “significant  enough  to 
warrant  retroactive  application  to  all  aircraft.”  No  AD  was  issued  when  revision  43  to  the  EMB- 
120  AFM  was  approved;  therefore,  the  FAA  apparently  did  not  consider  the  procedural  changes 
contained  in  AFM  revision  43  “significant  enough”  to  require  air  carriers’  compliance.  Further, 
existing  FAA  policy  does  not  require  interaction  or  dialog  between  FAA  flight 
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standards  and  air  carrier  personnel  regarding  AFM  procedures  or  revisions.  Because  Comair  had 
not  adopted  the  AFM  revision  43  procedures,  the  pilots  of  flight  3272  were  (unknowingly) 
operating  in  icing  conditions  without  the  most  current,  safest  icing-related  guidance.  Had 
Comair  incorporated  AFM  revision  43  into  its  EMB-120  operating  procedures,  the  flightcrew 
might  have  activated  the  deicing  boots  before  the  loss  of  control  of  the  airplane,  possibly 
precluding  the  accident.  Therefore,  the  Safety  Board  concludes  that  the  current  FAA  policy 
allowing  air  carriers  to  elect  not  to  adopt  AFM  operational  procedures  without  clear  written 
justification  can  result  in  air  carriers  using  procedures  that  may  not  reflect  the  safest  operating 
practices.  The  Safety  Board  believes  that  the  FAA  should  require  air  carriers  to  adopt  the 
operating  procedures  contained  in  the  manufacturer’s  AFM  and  subsequent  approved  revisions  or 
provide  written  justification  that  an  equivalent  safety  level  results  from  an  alternative  procedure. 

Based  on  the  history  of  revision  43  and  the  need  for  the  FAA  to  more  closely 
review  and  approve  air  carrier  compliance  with  AFM  procedures,  the  Safety  Board  assessed  the 
capacity  of  the  FAA  flight  standards  organization  to  perform  such  an  enhanced  function.  The 
Safety  Board  considers  the  FAA’s  current  system  inadequate  because  it  allows  for  less  than 
thorough  review  and  communication  regarding  safety-of-flight  data/information  in  a  number  of 
areas  (i.e.,  certification,  icing  certification,  continuing  airworthiness/oversight).  Before  the 
Comair  accident,  the  FAA  POI  who  was  responsible  for  oversight  of  Comair  was  not  aware  of 
the  background  information  justifying  revision  43  to  the  EMB-120  AFM  and  thus  did  not  pursue 
corresponding  procedural  changes  with  Comair.  According  to  a  memo  received  by  the  Safety 
Board  in  October  1997  from  FAA  personnel  (the  Acting  Director  of  Flight  Standards  Service  and 
the  Director  of  Aircraft  Certification  Service),  at  the  time  of  the  accident,  there  was  no  procedure 
to  ensure  that  information  (including  AFM  changes)  not  mandated  by  an  AD  was  shared  between 
ACO  and/or  AEG  personnel  and  other  Flight  Standards  personnel  (specifically,  the  POIs).  The 
memo  stated  that  although  informal  communications  (described  by  FAA  personnel  as 
“discretionary”)  can  occur  in  some  cases  between  ACO  and/or  AEG  personnel  and  POIs,  there 
was  no  formal  procedure  to  ensure  that  the  necessary  coimnunication  and  coordination  take 
place.  (The  memo  further  stated  that  the  airplane  operators  “typically  supply  that  revision  to  the 
POL”) 


According  to  the  authors  of  the  memo,  when  the  FAA  receives  an  AFM  revision 
from  a  manufacturer,  the  ACO  personnel  would  not  engage  in  discussions  with  Flight  Standards 
personnel  unless  they  believed  that  the  AFM  revision  was  particularly  noteworthy,  in  which  case 
they  would  discuss  it  with  flight  standards  AEG  personnel.  Further,  there  was  no  explicit  line  of 
communication  between  the  AEG  and  POIs.  Thus,  under  the  current  system,  the  POI  (or  other 
pertinent  flight  standards  personnel)  might  never  know  about  the  revision  (if  ACO  personnel 
deemed  it  unnoteworthy)  unless  they  receive  a  copy  from  the  manufacturer  (as  was  the  case  with 
Embraer’s  AFM  revision  43)  or  unless  an  operator  requests  approval  for  an  associated  change  to 
its  flightcrew  operating  manual. 

The  Safety  Board  has  observed  similai-  communication/coordination  problems 
between  FAA  offices  during  other  investigations — specifically,  during  the  investigation  of  the 
1987  CASA  C-212-CC  accident  at  Romulus,  Michigan,  and  the  1994  ATR-72  accident  at 
Roselawn.  As  a  result  of  the  ATR-72  accident,  the  Safety  Board  recommended  (in  Safety 
Recommendation  A-96-62)  that  the  FAA  develop  an  organizational  structure  and 
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communications  system  to  ensure  that  accident/incident  information  is  disseminated  to  ensure 
effective  continuing  airworthiness  oversight,  with  specific  emphasis  on  the  AEG.  In  April  1997, 
the  FAA  agreed  that  it  would  review  its  then-current  organizational  structure  and  processes  to 
determine  the  adequacy  of  the  communications  and  monitoring  of  the  continuing  airworthiness 
of  aircraft,  and  the  Safety  Board  classified  the  recommendation  “Open — Acceptable  Response.” 
On  February  25,  1998,  the  FAA  responded  that  it  had  initiated  positive  improvements  (see 
section  1.17.2.2).  Based  on  this  action  and  the  Board’s  continuing  dialogue  with  the  FAA  on  this 
issue.  Safety  Recommendation  A-96-62  remains  classified  “Open — Acceptable  Response.” 

During  a  June  11,  1998,  meeting,  FAA  management  personnel  advised  Safety 
Board  staff  that  the  FAA  had  completed  the  review  of  its  internal  communications  procedures 
and  had  identified  areas  in  which  improvements  were  warranted.  The  Director  of  Aircraft 
Certification  Services  stated  that  the  FAA  is  “committed  to  making  changes,  [and  is]  putting  a 
team  together”  to  establish  new  procedures  to  ensure  that  information  is  shared  with  all  pertinent 
personnel  in  all  branches  of  the  FAA.  He  reported  that  under  the  new  system,  the  ACO  Project 
Manager  and  Flight  Test  Manager  will  discuss  all  flight  manual  revisions  with  flight  standards 
AEG  personnel,  who  will  in  turn  discuss  the  revisions  with  the  POIs  whose  operators  are 
affected;  the  discussions  will  not  hinge  on  a  subjective  determination  of  significance,  and  a 
dispute  resolution  process  will  be  established.  The  Safety  Board  considers  these  improved 
communication  procedures  to  be  essential  under  both  the  existing  FAA  policy  in  which  air 
carrier  adoption  of  AFM  procedures  is  optional,  and  the  Safety  Board’s  proposed  policy  that 
would  in  most  cases  mandate  adoption  of  these  procedures.  Under  the  proposed  policy,  flight 
standards  and  ACO  personnel  would  need  to  coordinate  the  evaluation  of  AFM  revisions  and  the 
equivalence  of  alternatives  proposed  by  the  air  carriers. 

Thus,  the  Safety  Board  concludes  that  at  the  time  of  the  Comair  flight  3272 
accident,  pertinent  flight  standards  personnel  (specifically,  the  POI  assigned  to  Comair)  lacked 
information  critical  to  the  continued  safe  operation  of  the  EMB-120  fleet  and  would  have  been 
unable  to  evaluate  the  need  to  incorporate  AFM  revision  43  or  any  alternatives  proposed  by  air 
carriers.  Therefore,  the  Safety  Board  believes  that  the  FAA  should  ensure  that  flight  standards 
personnel  at  all  levels  (from  AEGs  to  certificate  management  offices)  are  informed  about  all 
manufacturer  OBs  and  AFM  revisions,  including  the  background  and  justification  for  the 
revision. 


2.6.4  Westair  EMB-120  FDR  Sensor  Information 

The  Safety  Board  has  observed  anomalous  FDR-recorded  values  for  flight  control 
parameters  on  seven  of  eight  Embraer  EMB-120  FDRs  it  has  reviewed,  including  the  FDRs  from 
the  Comair  and  the  Westair  airplanes.  The  Westair  incident  occurred  after  the  FAA  established 
new  FDR  inspection/potentiometer  calibration  requirements  for  operators  of  EMB-120  airplanes, 
and  Westair’ s  maintenance  records  indicated  that  an  FDR  system  check  was  conducted  on  the 
incident  airplane  on  December  27,  1997,  with  no  system  discrepancies  noted.  The  test  procedure 
was  conducted  with  the  airplane  stationary  and  the  engines  not  running;  there  was  no  requirement 
for  an  FDR  readout  during  the  test  procedure. 
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Although  there  were  no  sensor  discrepancies  noted  during  the  Westair  FDR 
system  check,  the  Safety  Board’s  postincident  review  of  the  incident  airplane’s  FDR  data 
revealed  discrepancies  in  the  control  wheel  and  rudder  pedal  position  parameters.  The  Safety 
Board’s  evaluation  of  the  potentiometer  calibration  test  criteria  and  the  symptoms  displayed  by 
the  problem  sensors  indicated  that  the  sensor  anomalies  may  not  have  been  detectable  during 
static  tests  on  the  ground.  The  test  procedure  did  not  provide  an  evaluation  of  sensor 
performance  under  normal  operating  conditions  and,  therefore,  may  be  of  limited  use  in  detecting 
noisy  signals  or  invalid  signals  that  are  confined  to  only  a  portion  of  the  sensor’s  normal 
operating  range.  The  Safety  Board  considers  it  likely  that  if  an  FDR  readout  had  been  conducted 
and  pertinent  parameters  reviewed  in  conjunction  with  the  FDR  system  check,  the  CWP  and 
rudder  sensor  anomalies  would  have  been  observed,  and  efforts  would  have  been  taken  to  correct 
them. 


Reliable  FDR  information  is  critical  to  understanding  accident/incident  scenarios 
and  invaluable  in  identifying  complex  safety  issues  and  solutions;  when  FDR  information  is  not 
recorded  (or  is  recorded  incorrectly)  for  any  given  parameter,  it  becomes  more  likely  that 
potentially  significant  safety  issues  will  not  be  identified.  Further  (as  noted  in  the  Safety  Board’s 
report  regarding  the  August  1997  accident  involving  a  Fine  Airlines  Douglas  DC-8-61  at  Miami, 
Florida),'^"^  reliable  FDR  data,  read  out  at  regular  inspection  intervals,  can  be  useful  for  purposes 
other  than  accident/incident  investigation.  Analysis  of  such  FDR  data  could  be  used  by  operators 
to  monitor  trends  and  efficiency  in  their  flight  operations  through  a  flight  operations  quality 
assurance  program  and  could  be  used  on  an  industry-wide  basis  to  streamline  flight  operations, 
refine  ATC  procedures  and  airport  configurations,  and  improve  aircraft  designs. 

The  Safety  Board  concludes  that  the  FAA’s  current  EMB-120  FDR  system 
inspection  procedure  is  inadequate  because  it  allows  existing  flight  control  sensor  anomalies  to 
go  undetected,  and  thus  uncorrected.  Therefore,  the  Safety  Board  believes  that  the  FAA  should 
revise  its  current  EMB-120  FDR  system  inspection  procedure  to  include  an  FDR  readout  and 
evaluation  of  parameter  values  from  normal  operations  to  ensure  a  more  accurate  assessment  of 
the  operating  status  of  the  flight  control  position  sensors  on  board  the  airplane. 

2.7  The  Lack  of  Additional  Icing-Related  Pilot  Reports 

The  Safety  Board’s  investigation  of  the  meteorological  aspects  of  this  accident 
revealed  that  about  16  icing-related  pilot  reports  (PIREPs)  were  issued  by  pilots  operating  in  the 
northwestern  Ohio/southem  Michigan  area  between  1300  and  1700  on  the  day  of  the  accident. 
However,  when  the  Safety  Board  distributed  a  weather  conditions  survey  to  additional 
flightcrews  that  were  operating  near  Detroit  about  the  time  of  the  accident,  9  of  the  1 1  pilots  who 
responded  to  the  survey  reported  that  they  encountered  icing  conditions.  Of  the  nine  pilots  who 
indicated  that  they  encountered  icing  conditions,  only  one  pilot  had  submitted  a  pilot  report  for 
the  conditions  they  observed  on  the  day  of  the  accident.  (In  response  to  a  survey  question  that 
asked  if  they  submitted  a  PIREP,  two  pilots  stated  that  they  did  not  submit  a  PIREP  because  the 


See  section  1.11.2.1,  and  National  Transportation  Safety  Board.  1998.  Fine  Airlines  Flight 
101,  Douglas  DC-8-61,  N27UA,  Miami,  Florida,  August  7,  1997.  Aircraft  Accident  Report  NTSB/AAR-98/02. 
Washington,  DC. 
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conditions  encountered  were  consistent  with  the  forecast  icing  conditions;  one  pilot  reported  that 
he  did  not  submit  a  PIREP  because  of  accident-related  congestion  on  the  ATC  frequency;  and  the 
pilots  of  another  airplane  reported  that  they  were  too  busy  during  the  approach,  landing,  and  taxi 
to  submit  a  PIREP.  The  survey  responses  from  the  other  four  responding  pilots  did  not  state  why 
they  did  not  submit  PIREPs.) 

Although  the  Safety  Board  does  not  believe  that  the  absence  of  these  additional 
PIREPs  affected  the  accident  flightcrew’s  actions  (because  they  were  provided  with  adequate 
preflight,  en  route,  and  arrival  weather  information  to  conduct  the  flight  safely;  they  should  have 
been  aware  that  they  would  be  operating  in  potential  icing  conditions),  it  is  possible  that  the 
PIREP  information  would  have  greatly  benefited  other  pilots.  Because  PIREPs  are  an  important 
and  valuable  source  of  weather  information  for  pilots,  the  Safety  Board  is  concerned  that  pilots 
had  observed  icing  in  the  Detroit  area  the  day  of  the  accident  but  did  not  share  that  information 
with  other  pilots.  Thus,  the  Safety  Board  concludes  that  the  failure  of  pilots  who  encounter  in¬ 
flight  icing  to  report  the  information  to  the  appropriate  facility  denies  other  pilots  operating  in  the 
area  the  access  to  valuable  and  timely  information  that  could  prevent  an  accident.  Therefore,  the 
Safety  Board  believes  that  the  FAA  should  reemphasize  to  pilots,  on  a  periodic  basis,  their 
responsibility  to  report  meteorological  conditions  that  may  adversely  affect  the  safety  of  other 
flights,  such  as  in-flight  icing  and  turbulence,  to  the  appropriate  facility  as  soon  as  practicable. 

Also,  because  a  Detroit  air  traffic  controller  did  not  disseminate  icing-related 
information  that  he  had  received  from  another  flight  operating  in  the  area  about  20  minutes 
before  the  accident,  the  Safety  Board  examined  the  dissemination  of  icing-related  information 
through  the  ATC  system.  The  Board  notes  that  the  Standard  Operating  Procedures  handbook  for 
DTW  Air  Traffic  Control  Tower  and  TRACON  did  not  require  that  icing  reports  be  included  on 
the  automatic  terminal  information  service  (ATIS)  recording  that  is  monitored  by  all  pilots. 
Although  FAA  Order  71 10.65  “Air  Traffic  Control,”  contains  guidance  that  PIREPs  of  any  type 
should  be  included  in  the  ATIS  broadcast  “as  appropriate”  and  “pertinent  to  operations  in  the 
terminal  area,”  this  guidance  is  too  broad  and  subjective  to  adequately  ensure  the  transmission  of 
icing-related  information  in  an  airport  terminal  environment.  Reports  of  icing  conditions  should 
be  of  interest  to  all  pilots  operating  within  that  environment,  especially  considering  the  normally 
reduced  airspeeds  and  decreased  stall  margins  for  airplanes  operating  in  the  approach  and 
departure  phases  of  flight.  Therefore,  the  Safety  Board  concludes  that  the  FAA  ATC  system  has 
not  established  adequate  procedures  for  the  dissemination  of  icing-related  pilot  reports  received 
in  the  airport  terminal  environment;  these  reports  should  be  incorporated  into  ATIS  broadcasts  so 
that  all  arriving  and  departing  pilots  can  become  aware  of  icing  conditions  in  the  area. 
Consequently,  the  Safety  Board  believes  that  the  FAA  should  amend  FAA  Order  7110.65,  “Air 
Traffic  Control,”  to  require  that  ATIS  broadcasts  include  information  regarding  the  existence  of 
pilot  reports  of  icing  conditions  in  that  airport  terminal’s  environment  (and  adjacent  airport 
terminal  environments  as  meteorologically  pertinent  and  operationally  feasible)  as  soon  as 
practicable  after  receipt  of  the  pilot  report. 
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3.1 


3.  CONCLUSIONS 


Findings 

1.  The  pilots  were  properly  qualified  and  certificated  to  perform  the  flight 
during  which  the  accident  occurred,  and  each  crewmember  had  received  the 
training  and  off-duty  time  prescribed  by  the  Federal  regulations.  There  was 
no  evidence  of  any  preexisting  medical  or  behavioral  conditions  that  might 
have  adversely  affected  the  flightcrew’s  performance. 

2.  The  airplane  was  certificated,  equipped,  and  dispatched  in  accordance  with 
Federal  regulations  and  approved  Comair  procedures.  There  was  no 
evidence  of  preexisting  mechanical  malfunction  or  other  failure  of  the 
airplane  structure,  flight  control  or  other  systems,  powerplants  or  propellers 
that  would  have  contributed  to  the  accident. 

3.  It  is  likely  that  the  leading  edge  deicing  system  was  capable  of  normal 
operation  during  the  accident  flight. 

4.  The  Detroit  terminal  radar  approach  controllers  who  were  involved  with 
flight  3272  were  properly  qualified  and  certificated.  A  review  of  air  traffic 
control  and  facility  procedures  revealed  that  the  controllers  followed 
applicable  air  traffic  and  wake  turbulence  separation  rules,  and  air  traffic 
separation  was  assured  during  flight  3272’ s  approach  to  the  runway. 

5.  Although  the  radar  ground  tracks  of  Cactus  50  and  Comair  flight  3272 
converged  near  the  accident  site,  the  Safety  Board’s  review  of  winds  aloft 
and  wake  vortex  sink  rates  indicated  that  Cactus  50’ s  wake  vortices  would 
have  been  above  and  northeast  of  Comair  flight  3272’s  flightpath  near  the 
upset  location.  Thus,  Comair  flight  3272  was  separated  from  the  vortices 
vertically  and  horizontally,  and,  therefore,  wake  turbulence  was  not  a  factor 
in  the  accident. 

6.  The  airplane  was  aerodynamically  clean,  with  no  effective  ice  accreted, 
when  it  began  its  descent  to  the  Detroit  area. 

7.  The  weather  conditions  near  the  accident  site  were  highly  variable  and  were 
conducive  to  the  formation  of  rime  or  mixed  ice  at  various  altitudes  and  in 
various  amounts,  rates,  and  types  of  accumulation;  if  supercooled  large 
droplet  icing  conditions  were  present,  the  droplet  sizes  probably  did  not 
exceed  400  microns  and  most  likely  existed  near  4,000  feet  mean  sea  level. 

8.  It  is  likely  that  Comair  flight  3272  gradually  accumulated  a  thin,  rough 
glaze/mixed  ice  coverage  on  the  leading  edge  deicing  boot  surfaces,  possibly 
with  ice  ridge  formation  on  the  leading  edge  upper  surface,  as  the  airplane 
descended  from  7,000  feet  mean  sea  level  (msl)  to  4,000  feet  msl  in  icing 
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conditions;  further,  this  type  of  ice  accretion  might  have  been  imperceptible 
to  the  pilots. 

9.  The  suggestion  in  current  Federal  Aviation  Administration  publications  that 
“trace”  icing  is  “not  hazardous”  can  mislead  pilots  and  operators  about  the 
adverse  effects  of  thin,  rough  ice  accretions. 

10.  Because  the  pilots  of  Comair  flight  3272  were  operating  the  airplane  with 
the  autopilot  engaged  during  a  series  of  descents,  right  and  left  turns,  power 
adjustments,  and  airspeed  reductions,  they  might  not  have  perceived  the 
airplane’s  gradually  deteriorating  performance. 

11.  The  accident  airplane’s  left  roll  tendency  was  precipitated  by  a  thin  layer  of 
rough  ice  that  accumulated  on  the  leading  edge  of  the  wing  during  the 
airplane’s  cruise  descent,  and  was  then  affeeted  by  some  or  all  of  the 
following  factors:  the  autopilot-commanded  left  roll,  asymmetrical  ice  self- 
shedding,  aileron  deflection  effects  (localized  airflow  separations),  the 
effects  of  engine/propeller  thrust,  the  asymmetrical  power  application,  and 
the  disengagement  of  the  autopilot.  It  is  unlikely  that  the  absence  of 
conductive  edge  sealer  on  the  left  wing  leading  edge  deicing  boot  segments 
was  a  factor  in  the  airplane’s  excessive  left  roll. 

12.  Consistent  with  Comair’ s  procedures  regarding  ice  protection  systems,  the 
pilots  did  not  activate  the  leading  edge  deicing  boots  during  their  descent 
and  approach  to  the  Detroit  area,  likely  because  they  did  not  perceive  that 
the  airplane  was  accreting  significant  (if  any)  structural  ice. 

13.  Had  the  pilots  of  Comair  flight  3272  been  aware  of  the  specific  airspeed, 
configuration,  and  icing  circumstances  of  the  six  previous  EMB-120  icing- 
related  events  and  of  the  information  contained  in  operational  bulletin  120- 
002/96  and  revision  43  to  the  EMB-120  airplane  flight  manual,  it  is  possible 
that  they  would  have  operated  the  airplane  more  conservatively  with  regard 
to  airspeed  and  flap  configuration  or  activated  the  deicing  boots  when  they 
knew  they  were  in  icing  conditions. 

14.  The  current  operating  procedures  recommending  that  pilots  wait  until  ice 
accumulates  to  an  observable  thickness  before  activating  leading  edge 
deicing  boots  results  in  unnecessary  exposure  to  a  significant  risk  for 
turbopropeller-driven  airplane  flight  operations.  Based  primarily  on 
concerns  about  ice  bridging,  pilots  continue  to  use  procedures  and  practices 
that  increase  the  likelihood  of  (potentially  hazardous)  degraded  airplane 
performance  resulting  from  small  amounts  of  rough  ice  accumulated  on  the 
leading  edges. 

15.  It  is  possible  that  ice  accretion  on  unprotected  surfaces  and  intercycle  ice 
accretions  on  protected  surfaces  can  significantly  and  adversely  affect 
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the  aerodynamic  performance  of  an  airplane  even  when  leading  edge  deicing 
boots  are  activated  and  operating  normally. 

16.  Current  ice  detection/protection  requirements  and  application  of  technology 
(particularly  deice  boots)  may  not  provide  adequate  protection  for  a  variety 
of  ice  accumulation  scenarios  (tailplane,  supercooled  large  droplets,  thin, 
rough  ice  accumulations,  etc.). 

17.  The  guidance  provided  by  Comair  in  its  memos,  bulletins,  manuals,  and 
training  program  did  not  adequately  communicate  or  emphasize  specific 
minimum  airspeeds  for  operating  the  EMB-120  in  the  flaps-up 
configuration,  in  or  out  of  icing  conditions,  and  thus  contributed  to  the 
accident. 

18.  The  pilots  likely  did  not  recognize  the  need  to  abide  by  special  restrictions 
on  airspeeds  that  were  established  for  icing  conditions  because  they  did  not 
perceive  the  significance  (or  presence)  of  Comair  flight  3272 ’s  ice 
accumulation. 

19.  Whether  the  pilots  perceived  ice  accumulating  on  the  airplane  or  not,  they 
should  have  recognized  that  operating  in  icing  conditions  at  the  air  traffic 
control-assigned  airspeed  of  150  knots  with  flaps  retracted  could  result  in  an 
unsafe  flight  situation;  therefore,  their  acceptance  of  the  150-knot  airspeed 
assignment  in  icing  conditions  without  extending  flaps  contributed  to  the 
accident. 

20.  Minimum  airspeed  information  for  various  flap  configurations  and  phases 
and  conditions  of  flight  would  be  helpful  to  pilots  of  all  passenger-carrying 
airplanes. 

2 1 .  The  stall  warning  system  installed  in  the  accident  airplane  did  not  provide  an 
adequate  warning  to  the  pilots  because  ice  contamination  was  present  on  the 
airplane’s  airfoils,  and  the  system  was  not  designed  to  account  for 
aerodynamic  degradation  or  adjust  its  warning  to  compensate  for  the 
reduced  stall  warning  margin  caused  by  the  ice. 

22.  The  accident  airplane’s  autopilot  was  capable  of  normal  operation  and 
appeared  to  be  operating  normally  during  the  last  minutes  of  the  accident 
flight,  and  the  autopilot  disconnect  and  warning  systems  operated  in  a 
manner  consistent  with  their  design  logic. 

23.  Had  the  pilots  been  flying  the  airplane  manually  (without  the  autopilot 
engaged)  they  likely  would  have  noted  the  increased  right-wing-down 
control  wheel  force  needed  to  maintain  the  desired  left  bank,  become  aware 
of  the  airplane’s  altered  performance  characteristics,  and  increased  their 
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airspeed  or  otherwise  altered  their  flight  situation  to  avoid  the  loss  of 
control. 

24.  Disengagement  of  the  autopilot  during  all  operations  in  icing  conditions  is 
necessary  to  enable  pilots  to  sense  the  aerodynamic  effects  of  icing  and 
enhance  their  ability  to  retain  control  of  the  airplane. 

25.  If  the  pilots  of  Comair  flight  3272  had  received  a  ground  proximity  warning 
system,  autopilot,  or  other  system-generated  cockpit  warning  when  the 
airplane  first  exceeded  the  autopilot’s  maximum  bank  command  limits  with 
the  autopilot  activated,  they  might  have  been  able  to  avoid  the  unusual 
attitude  condition  that  resulted  from  the  autopilot’s  sudden  disengagement. 

26.  Despite  the  accumulated  lessons  of  several  major  accidents  and  (in  the  case 
of  the  EMB-120)  the  specific  findings  of  a  staff  engineer,  the  Federal 
Aviation  Administration  failed  to  adopt  a  systematic  and  proactive  (rather 
than  incremental  and  reactive)  approach  to  the  certification  and  operational 
issues  of  turbopropeller-driven  transport  airplane  icing,  which  was  causal  to 
this  accident. 

27.  The  icing  certification  process  has  been  inadequate  because  it  has  not 
required  manufacturers  to  demonstrate  the  airplane’s  flight  handling  and 
stall  characteristics  under  a  sufficiently  realistic  range  of  adverse  ice 
accretion/flight  handling  conditions. 

28.  The  work  conducted  by  the  Federal  Aviation  Administration  Environmental 
Icing  National  Resource  Specialist  and  the  Aviation  Rulemaking  Advisory 
Committee’s  icing-related  working  groups  is  of  crucial  importance  to  the 
future  safety  of  icing  operations. 

29.  The  potential  consequences  of  operating  an  airplane  in  icing  conditions 
without  first  having  thoroughly  demonstrated  adequate 
handling/controllability  characteristics  in  those  conditions  are  sufficiently 
severe  that  they  warrant  as  thorough  a  certification  test  program  as  possible, 
including  application  of  revised  standards  to  airplanes  currently  certificated 
for  flight  in  icing  conditions. 

30.  The  current  Federal  Aviation  Administration  policy  allowing  air  carriers  to 
elect  not  to  adopt  airplane  flight  manual  operational  procedures  without 
clear  written  justification  can  result  in  air  carriers  using  procedures  that  may 
not  reflect  the  safest  operating  practices. 

31.  At  the  time  of  the  Comair  flight  3272  accident,  pertinent  flight  standards 
personnel  (specifically,  the  principal  operations  inspector  assigned  to 
Comair)  lacked  information  critical  to  the  continued  safe  operation  of  the 
EMB-120  fleet  and  would  have  been  unable  to  evaluate  the  need  to 
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incorporate  airplane  flight  manual  revision  43  or  any  alternatives  proposed 
by  air  carriers. 

32.  The  Federal  Aviation  Administration’ s  current  EMB- 1 20  flight  data  recorder 
system  inspection  procedure  is  inadequate  because  it  allows  existing  flight 
control  sensor  anomalies  to  go  undetected,  and  thus  uncorrected. 

33.  The  failure  of  pilots  who  encounter  in-flight  icing  to  report  the  information 
to  the  appropriate  facility  denies  other  pilots  operating  in  the  area  the  access 
to  valuable  and  timely  information  that  could  prevent  an  accident. 

34.  The  Federal  Aviation  Administration  air  traffic  control  system  has  not 
established  adequate  procedures  for  the  dissemination  of  icing-related  pilot 
reports  received  in  the  airport  terminal  environment;  these  reports  should  be 
incorporated  into  automatic  terminal  information  service  broadcasts  so  that 
all  arriving  and  departing  pilots  can  become  aware  of  icing  conditions  in  the 


area. 
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3.2  Probable  Cause 

The  National  Transportation  Safety  Board  determines  that  the  probable  cause  of 
this  accident  was  the  FAA’s  failure  to  establish  adequate  aircraft  certification  standards  for  flight 
in  icing  conditions,  the  FAA’s  failure  to  ensure  that  a  Centro  Tecnico  Aeroespacial/FAA- 
approved  procedure  for  the  accident  airplane’s  deice  system  operation  was  implemented  by  U.S.- 
based  air  carriers,  and  the  FAA’s  failure  to  require  the  establishment  of  adequate  minimum 
airspeeds  for  icing  conditions,  which  led  to  the  loss  of  control  when  the  airplane  accumulated  a 
thin,  rough  accretion  of  ice  on  its  lifting  surfaces. 

Contributing  to  the  accident  were  the  flightcrew’s  decision  to  operate  in  icing 
conditions  near  the  lower  margin  of  the  operating  airspeed  envelope  (with  flaps  retracted),  and 
Comair’s  failure  to  establish  and  adequately  disseminate  unambiguous  minimum  airspeed  values 
for  flap  configurations  and  for  flight  in  icing  conditions. 
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4.  RECOMMENDATIONS 

As  a  result  of  the  investigation  of  this  accident,  the  National  Transportation  Safety 
Board  makes  the  following  recommendations: 

-to  the  Federal  Aviation  Administration: 

Amend  the  definition  of  trace  ice  contained  in  Federal  Aviation 
Administration  (FAA)  Order  7110.10L,  “Flight  Services,”  (and  in  other  FAA 
documents  as  applicable)  so  that  it  does  not  indicate  that  trace  icing  is  not 
hazardous. 

(A-98-88) 

Require  principal  operations  inspectors  (POIs)  to  discuss  the  information 
contained  in  airplane  flight  manual  revisions  and/or  manufacturers’ 
operational  bulletins  with  affected  air  carrier  operators  and,  if  the  POI 
determines  that  the  information  contained  in  those  publications  is  important 
information  for  flight  operations,  to  encourage  the  affected  air  carrier 
operators  to  share  that  information  with  the  pilots  who  are  operating  those 
airplanes.  (A-98-89) 

With  the  National  Aeronautics  and  Space  Administration  and  other  interested 
aviation  organizations,  organize  and  implement  an  industry-wide  training 
effort  to  educate  manufacturers,  operators,  and  pilots  of  air  carrier  and  general 
aviation  turbopropeller-driven  airplanes  regarding  the  hazards  of  thin,  possibly 
imperceptible,  rough  ice  accumulations,  the  importance  of  activating  the 
leading  edge  deicing  boots  as  soon  as  the  airplane  enters  icing  conditions  (for 
those  airplanes  in  which  ice  bridging  is  not  a  concern),  and  the  importance  of 
maintaining  minimum  airspeeds  in  icing  conditions.  (A-98-90) 

Require  manufacturers  and  operators  of  modem  turbopropeller-driven 
airplanes  in  which  ice  bridging  is  not  a  concern  to  review  and  revise  the 
guidance  contained  in  their  manuals  and  training  programs  to  include  updated 
icing  information  and  to  emphasize  that  leading  edge  deicing  boots  should  be 
activated  as  soon  as  the  airplane  enters  icing  conditions.  (A-98-91) 

With  the  National  Aeronautics  and  Space  Administration  and  other  interested 
aviation  organizations,  conduct  additional  research  to  identify  realistic  ice 
accumulations,  to  include  intercycle  and  residual  ice  accumulations  and  ice 
accumulations  on  unprotected  surfaces  aft  of  the  deicing  boots,  and  to 
determine  the  effects  and  criticality  of  such  ice  accumulations;  further,  the 
information  developed  through  such  research  should  be  incorporated  into 
aircraft  certification  requirements  and  pilot  training  programs  at  all  levels. 
(A-98-92) 


183 


Actively  pursue  research  with  airframe  manufacturers  and  other  industry 
personnel  to  develop  effective  ice  detection/protection  systems  that  will  keep 
critical  airplane  surfaces  free  of  ice;  then  require  their  installation  on  newly 
manufactured  and  in-service  airplanes  certificated  for  flight  in  icing 
conditions.  (A-98-93) 

Require  manufacturers  of  all  turbine-engine  driven  airplanes  (including  the 
EMB-120)  to  provide  minimum  maneuvering  airspeed  information  for  all 
airplane  configurations,  phases,  and  conditions  of  flight  (icing  and  nonicing 
conditions);  minimum  airspeeds  also  should  take  into  consideration  the  effects 
of  various  types,  amounts,  and  locations  of  ice  accumulation,  including  thin 
amounts  of  very  rough  ice,  ice  accumulated  in  supercooled  large  droplet  icing 
conditions,  and  tailplane  icing.  (A-98-94) 

Require  the  operators  of  all  turbine-engine  driven  airplanes  (including  the 
EMB-120)  to  incorporate  the  manufacturer’s  minimum  maneuvering  airspeeds 
for  various  airplane  configurations  and  phases  and  conditions  of  flight  in  their 
operating  manuals  and  pilot  training  programs  in  a  clear  and  concise  manner, 
with  emphasis  on  maintaining  minimum  safe  airspeeds  while  operating  in 
icing  conditions.  (A-98-95) 

Require  the  manufacturers  and  operators  of  all  airplanes  that  are  certificated  to 
operate  in  icing  conditions  to  install  stall  waming/protection  systems  that 
provide  a  cockpit  warning  (aural  warning  and/or  stick  shaker)  before  the  onset 
of  stall  when  the  airplane  is  operating  in  icing  conditions.  (A-98-96) 

Require  all  operators  of  turbopropeller-driven  air  carrier  airplanes  to  require 
pilots  to  disengage  the  autopilot  and  fly  the  airplane  manually  when  they 
activate  the  anti-ice  systems.  (A-98-97) 

Require  all  manufacturers  of  transport-category  airplanes  to  incorporate  logic 
into  all  new  and  existing  transport-category  airplanes  that  have  autopilots 
installed  to  provide  a  cockpit  aural  warning  to  alert  pilots  when  the  airplane’s 
bank  and/or  pitch  exceeds  the  autopilot’s  maximum  bank  and/or  pitch 
command  limits.  (A-98-98) 

Expedite  the  research,  development,  and  implementation  of  revisions  to  the 
icing  certification  testing  regulations  to  ensure  that  airplanes  are  adequately 
tested  for  the  conditions  in  which  they  are  certificated  to  operate;  the  research 
should  include  identification  (and  incorporation  into  icing  certification 
requirements)  of  realistic  ice  shapes  and  their  effects  and  criticality.  (A-98-99) 
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When  the  revised  icing  certification  standards  and  criteria  are  complete, 
review  the  icing  certification  of  all  turbopropeller-driven  airplanes  that  are 
currently  certificated  for  operation  in  icing  conditions  and  perform  additional 
testing  and  take  action  as  required  to  ensure  that  these  airplanes  fulfill  the 
requirements  of  the  revised  icing  certification  standards.  (A-98-100) 

Review  turbopropeller-driven  airplane  manufacturers’  airplane  flight  manuals 
and  air  carrier  flightcrew  operating  manuals  (where  applicable)  to  ensure  that 
these  manuals  provide  operational  procedures  for  flight  in  icing  conditions, 
including  the  activation  of  leading  edge  deicing  boots,  the  use  of  increased 
airspeeds,  and  disengagement  of  autopilot  systems  before  entering  icing 
conditions  (that  is,  when  other  anti-icing  systems  have  traditionally  been 
activated).  (A-98-101) 

Require  air  carriers  to  adopt  the  operating  procedures  contained  in  the 
manufacturer’s  airplane  flight  manual  and  subsequent  approved  revisions  or 
provide  written  justification  that  an  equivalent  safety  level  results  from  an 
alternative  procedure.  (A-98-102) 

Ensure  that  flight  standards  personnel  at  all  levels  (from  aircraft  evaluation 
groups  to  certificate  management  offices)  are  informed  about  all  manufacturer 
operational  bulletins  and  airplane  flight  manual  revisions,  including  the 
background  and  justification  for  the  revision.  (A-98-103) 

Revise  its  current  EMB-120  flight  data  recorder  (FDR)  system  inspection 
procedure  to  include  a  FDR  readout  and  evaluation  of  parameter  values  from 
normal  operations  to  ensure  a  more  accurate  assessment  of  the  operating  status 
of  the  flight  control  position  sensors  on  board  the  airplane.  (A-98-104) 

Reemphasize  to  pilots,  on  a  periodic  basis,  their  responsibility  to  report 
meteorological  conditions  that  may  adversely  affect  the  safety  of  other  flights, 
such  as  in-flight  icing  and  turbulence,  to  the  appropriate  facility  as  soon  as 
practicable.  (A-98-105) 

Amend  Federal  Aviation  Administration  Order  7110.65,  “Air  Traffic 
Control,”  to  require  that  automatic  terminal  information  service  broadcasts 
include  information  regarding  the  existence  of  pilot  reports  of  icing  conditions 
in  that  airport  terminal’s  environment  (and  adjacent  airport  terminal 
environments  as  meteorologically  pertinent  and  operationally  feasible)  as  soon 
as  practicable  after  receipt  of  the  pilot  report.  (A-98-106) 
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-to  the  National  Aeronautics  and  Space  Administration: 

With  the  Federal  Aviation  Administration  and  other  interested  aviation 
organizations,  organize  and  implement  an  industry-wide  training  effort  to 
educate  manufacturers,  operators,  and  pilots  of  air  carrier  and  general  aviation 
turbopropeller-driven  airplanes  regarding  the  hazards  of  thin,  possibly 
imperceptible,  rough  ice  accumulations,  the  importance  of  activating  the 
leading  edge  deicing  boots  as  soon  as  the  airplane  enters  icing  conditions  (for 
those  airplanes  in  which  ice  bridging  is  not  a  concern),  and  the  importance  of 
maintaining  minimum  airspeeds  in  icing  conditions.  (A-98-107) 

With  the  Federal  Aviation  Administration  and  other  interested  aviation 
organizations,  conduct  additional  research  to  identify  realistic  ice 
accumulations,  to  include  intercycle  and  residual  ice  accumulations  and  ice 
accumulations  on  unprotected  surfaces  aft  of  the  deicing  boots,  and  to 
determine  the  effects  and  criticality  of  such  ice  accumulations;  further,  the 
information  developed  through  such  research  should  be  incorporated  into 
aircraft  certification  requirements  and  pilot  training  programs  at  all  levels. 
(A-98-108) 

In  addition,  the  Safety  Board  reiterates  the  following  safety  recommendations  to 
the  Federal  Aviation  Administration: 

Revise  the  icing  criteria  published  in  14  Code  of  Federal  Regulations  Parts  23 
and  25,  in  light  of  both  recent  research  into  aircraft  ice  accretion  under  varying 
conditions  of  liquid  water  content,  drop  size  distribution  and  temperature,  and 
recent  development  in  both  the  design  and  use  of  aircraft.  Also,  expand  the 
Part  25  appendix  C  icing  certification  envelope  to  include  freezing 
drizzle/freezing  rain  and  mixed  water/ice  crystal  conditions  as  necessary. 
(A-96-54) 

Revise  the  icing  certification  testing  regulation  to  ensure  that  airplanes  are 
properly  tested  for  all  conditions  in  which  they  are  authorized  to  operate,  or 
are  otherwise  shown  to  be  capable  of  safe  flight  into  such  conditions.  If  safe 
operations  cannot  be  demonstrated  by  the  manufacturer,  operational 
limitations  should  be  imposed  to  prohibit  flight  in  such  conditions  and 
flightcrews  should  be  provided  with  the  means  to  positively  determine  when 
they  are  in  icing  conditions  that  exceed  the  limits  for  aircraft  certification. 
(A-96-56) 
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BY  THE  NATIONAL  TRANSPORTATION  SAFETY  BOARD 

JAMES  E.  HALL 
Chairman 

ROBERT  T.  FRANCIS** 

Vice  Chairman 

JOHN  HAMMERSCHMIDT 
Member 

JOHN  J.  GOGLIA 
Member 

GEORGE  W.  BLACK,  JR. 

Member 

November  4, 1998 

**  Vice  Chairman  Robert  T.  Francis  did  not  participate  in  the  vote  to  reiterate 
Safety  Recommendations  A-96-54  and  A-96-56. 
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5.  APPENDIXES 

APPENDIX  A— INVESTIGATION  AND  HEARING 


1.  Investigation 

The  National  Transportation  Safety  Board  was  initially  notified  of  this  accident  by 
the  FAA’s  Communications  Center  in  Washington,  D.C.,  about  1700  eastern  standard  time  on 
January  9,  1997.  A  full  go-team  from  Safety  Board  headquarters  in  Washington,  D.C.,  was 
dispatched  to  Monroe,  Michigan,  about  2000  that  evening.  In  addition,  three  Safety  Board 
employees  from  the  North  Central  Regional  Office  in  Chicago,  Illinois,  and  one  employee  from 
the  Northwest  Field  Office  in  Anchorage,  Alaska,  were  dispatched  to  the  accident  site  to  assist 
with  the  investigation.  The  following  investigative  groups  were  formed;  operations/human 
performance,  structures,  systems,  powerplants,  maintenance  records,  air  traffic  control,  weather, 
aircraft  performance,  witness,  cockpit  voice  recorder,  and  flight  data  recorder.  Member  John 
Hammerschmidt  traveled  separately  from  his  home  and  joined  the  investigative  team  at  the 
accident  site.  Chairman  James  Hall  also  visited  the  accident  site.  Additionally,  one  public 
affairs  staff  member  and  three  family  assistance  staff  members  traveled  to  the  accident  site. 

An  accredited  representative  appointed  by  the  Center  for  the  Investigation  and 
Prevention  of  Accidents  of  Brazil  (state  of  manufacture  of  the  airplane)  participated  and  provided 
assistance  throughout  the  investigation.  Transportation  Safety  Board  of  Canada  (state  of 
manufacture  of  the  engines),  did  not  appoint  an  Accredited  Representative  to  participate  in  the 
investigation. 


Parties  to  the  investigation  were  the  Federal  Aviation  Administration,  COMAIR, 
Inc.,  Empresa  Brasileira  de  Aeronautica,  S/A,  the  Pratt  and  Whitney  Canada  and  Hamilton 
Standard  Divisions  of  United  Technologies  Corporation,  the  National  Weather  Service,  the 
National  Air  Traffic  Controllers’  Association,  and  the  Air  Line  Pilots  Association. 

2.  Public  Hearing 

No  public  hearing  was  held  in  connection  with  this  accident. 
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APPENDIX  B— COCKPIT  VOICE  RECORDER  TRANSCRIPT 


LEGEND 


CAM  Cockpit  area  microphone 

HOT  Crewmember  hot  microphone 

RDO  Radio  transmission  from  accident  aircraft 

-1  Voice  (or  position)  identified  as  Captain 

-2  Voice  (or  position)  identified  as  First  Officer 

-3  Voice  identified  as  Flight  Attendant 

-7  Unidentifiable  voice 

COM  Misc.  radio  communications  or  aircraft  aural  warnings  heard  on 

crewmember  CVR  channels 

ZID  Indianapolis  Air  Route  Traffic  Control  Center 

ZOB  Cleveland  Air  Route  Traffic  Control  Center 

DTW  Deti  oit  Metro  ATCT 

OPS  Airline  Operations 

CACT50  America  West  Airlines  Flight  Fifty 

*  Unintelligible  word 

#  Expletive  deleted 

...  Pause 

( )  Questionable  text 

[  ]  Editorial  insertion 


Break  in  continuity 
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RDO-1  one  two  three  point  nlner  comair  thirty-two  seventy-two, 
good  day. 
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1537:09 

HOT-2  ¥>hoop  whoop  dive  [sound  of  human  wMstle]. 
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HOT-1  didnl  I ..  I  think  I  told  you  forty-five. 
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1539:07 

ZOB  comair  thirty-two  seventy-two  continue  descent  to  one  one 
thousand  then  fly  heading  of  ah  zero  three  zero  to  rejoin 
the  mizar  arrival  off  of  detroK. 
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tNTRA-COCKPIT  COMMUNICATION  AtR43ROUWD  COMMUWICATIOM 


let's  see  which  one  of  those  lines  we  hit  first. 


comair  thirty>Nvo  seventy*two  detroR  approach  ..  depart 
mizar  heading  zero  five  zero  vector  to  ILS  runway  three 
right  final  approach  course  ..  runway  three  right  braking 
action  reported  poor  by  a  DC  niner. 
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INT-1  and  seven's  In  the  aRHude  alerter. 
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TRA-COCKPIT  COMMUNICATION 
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N  C 


comair  thirty-two  seventy-two  contact  approach  one  two 
five  point  one  five  so  iong. 
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IWTRA-COCKPIT  COMMUNICATION  AIR^ROUWD  COMMUMICATIOW 
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gate  in  approximately  nine  minutes  and  forty-eight 
seconds. 
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^017 
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comair  thirty-two  seventy-two  turn  right  heading  one  eight 
zero ..  reduce  speed  to  one  five  zero. 
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INTRA-COCKPIT  COMMUNICATION  AIR-GROUND  COMMUNICATION 
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1554:04 

RDO-1  heading  zero  niner  zero  comalr  thirty-two  seventy-two. 
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[sound  similar  to  that  of  stickstaker  starts] 
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APPENDIX  C— FLIGHT  DATA  RECORDER  PARAMETERS/PLOTS 


flii 

• . . . ‘ 

iimniipii 

1.  TIME 

25  HOURS 

1/768  SEC. 

1/763 

1  sf  all 

2.  PRESSURE  ALTITUDE 

-1000  -  40000  FT. 

10  FT. 

1 

23  (upper)  sf  all 

5  (lower)  sf  all 

3.  AIRSPEED 

60  -  450  KNOTS 

1  KNOT 

1 

18  Sf  all 

4.  VERTICAL  ACCELERATION 

-3  -  +6  "G" 

0.0023  "G" 

1/8 

4.  12.  20,  28,  36, 
44,  52,  60  sfall 

5.  LATERAL  ACCELERATION 

-1  -  +1  ”G" 

0.0005  "G" 

1/4 

8,  24,  40.  56  sfall 

6.  LONGITUDINAL  ACCELERATION 

-1-+1  ”G" 

0.0005  "G” 

1/4 

9,  21,41,  57  sfall 

7.  MAGNETIC  HEADING 

0  -360 

0.356 

1 

7  Sfall 

8.  PITCH  ATTITUDE 

±75 

.087 

1/4 

10,  26,  42,  58  sfall 

9.  ROLL  ATTITUDE 

±180 

.087 

1/2 

17,  49  sfall 

10.  PITCH  TRIM 

-9  -  +50 

-0022 

1/2 

14  sf  all 

11.  CONTROL  COLUMN  POSITION 

8  (FWD),  12  (AFT) 

,0058 

1 

6  (It.),  38  (rt.)  sfall 

12.  CONTROL  WHEEL  POSITION 

52  (Lt).  52  (Rt) 

.0549 

1 

11  (It),  43  (rt.)sf 
all 

13.  RUDDER  PEDAL  POSITION 

16  (Lt),  16  (Rt.) 

.0078 

1 

13  (It),  45,  (rt.)sf 
all 

14  FLAP  POSITION 

0-45 

.0186 

2 

37  sf  1,3 

15.  STATIC  AIR  TEMP. 

-99  -+50  C 

.1576 

2 

37sf2,4 

16.  FUEL  FLOW  (LEFT  &  RIGHT) 

0-1200(PPH) 

-2930 

1 

50  (It),  51  (rt.)  sf 
all 

17.  NH  (LEFT  &  RIGHT) 

0  - 120% 

.0359 

1 

15(lt),  16(rt.)sf 
all 

18.  NL (LEFTS  RIGHT) 

0-120% 

.0369 

1 

31  (It).  32  (rt.)  sf 
an 

19.  PROP  IMBAL.(LEFT  &  RIGHT) 

0. -1.11"G" 

.0002 

2 

33  (It),  33  (rt.) 
sf1,3,  sf2.4 

20.  PROP  RPM  (LEFT  &  RIGHT) 

25.-120% 

.1 

1 

47  (It),  48  (rt.)  sf 
all  < 

21.  T6  TEMP  (LEFT  &  RIGHT) 

0  - 1200  C 

.2930 

1 

19  (It),  35  (rt.)sf 
all 

22.  ENG.  TORQUE  (LEFT  &  RIGHT) 

0-150% 

.0366 

1 

39  (It),  55  (rt.)sf 
all 

23.  ANGLE  OF  ATTACK  (#1  &  #2) 

X  30 

.0161 

1/2 

22,54  (#1)sf  all 
27,59  (#2)  sf  all 

24  RADIO  ALTITUDE 

-20  to  2,500  ft. 

.2 

1 

46  sfall 

25.  GLIDE  SLOPE  DEVIATION  #1 

X.22  DDM 

.0004 

1 

29  sf  all 

26.  LOCALIZER  DEVIATION  #1 

X.22  DDM 

.0004 

.  1 

21  sfall 

27.  GLIDE  SLOPE  DEVIATION  #2 

X.22  DDM 

.0004 

1 

61  sfall 

28.  LOCALIZER  DEVIATION  #2 

X.22  DDM 

.0004 

1 

34  sf  all 

29.  NAV.  #1  FREQUENCY 

SELECTED 

MHz 

BCD 

4 

53  sf  1 

30.  NAV. «  FREQUENCY 

SELECTED 

MHz 

BCD 

4 

53  sf  3 
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31.  DME  #1  DISTANCE 

NM 

.125 

4 

atlDME  #2  DISTANCE 

NM 

.125 

4 

PARAMETER  NAME 

RANGE 

RESOLUTION 

SAMPLING 

INTERVAL 

(SECONDS) 

DISCRETE  PA 

rAmeters 

33  AIR/GROUND  SWITCH 

1  =  AIR 

N/A 

1 

34.  BETA  MODE  (LEFT  a.  RIGHT) 

1= ENGAGED 

N/A 

35.  BLEED  AIR  (LEFT  &  RIGHT) 

1=  CLOSED 

N/A 

1 

36.  CONDITION  LEVER  POS. 

(Lt&Rt.) 

1  =  ON 

N/A 

'■■'I  /.v.-. 

37.  EVENT  MARKER 

1  =  ON 

N/A 

1 

38.  PRESS  TO  TALK  (Chr  l  THRU  4) 

1=TALK 

0  =  bFF 

n/A 

^  .. 

39.  HYDRAULIC  LOW  PRESS  #1&#  2 

0=  LOW 

1  =  NORMAL 

N/A 

1 

40.  CONDITION  LEVER  POS.  #1  &m. 

1  =pGwer 

0  =  SHOT  OFF 

N/A 

1 

41.  LANDING  GEAR  POSITION 

1  =  NOT  DOWN 

0  =  DOWN 

N/A 

4 

42.  BLEED  CONDITION  (Lt.  A  Rt.) 

0  - OPERATING 

1  NOT  operating 

N/A 

1 

43.  PW1 18A/PW1 18  SELECT 

1  =PW118A 

0  =  PW118 

N/A 

4 

44.  AUTO  PILOT  ENGAGE 

0  =  ENGAGED 
i=  NOT  ENGAGED 

N/A 

1 

45.  ENGAGE  AUTO  PILOT 

0  =  ENGAGED 

1  =  NOT  ENGAGED 

N/A 

1 

46.  AUTO  PILOT  SELECTED 

0  =  A/P#1 
1=A/P#2  ; 

N/A 

1 

47.  AUTO  PILOT  DISCONNECT 

0  =  DISCONNECTED 

1  =  ENGAGED 

N/A 

1 

48.  AUTO  PILOT  FAIL  MODE 

0-FAIL 

1=  NOT  FAIL 

N/A 

1 

49.  ALTITUDE  PRE  SELECT  (ARM) 

0  =  ARMED 

1  =  NOT  ARMED 

N/A 

1 

50.  CAPTURE  TRACK 

0  =  CAPTURE 

1  =  NOT  CAPTURED 

N/A 

1 

51.  NAV-IARM 

0  =  ARM 

1  =  NOT  ARM 

N/A 

1 

52.  NAV -1  CAPTURE 

0=^  CAPTURE 

1  =  NOT  CAPTURE 

N/A 

1 

53.  GLIDESLOPE  ARM 

0  =  ARM 

1  =  NOT  ARM 

N/A 

1 

54.  GLIDESLOPE  capture 

0  =  CAPTURE 

1  =  NOT  CAPTURE 

N/A 

1 

55.  GLIDESLOPE  EXT 

0  =  EXT 

1  =  NOT  EXT 

N/A 

1 

88.  IAS  HOLD  ^ 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

1 

57.  ALT  HOLD 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

1 

58.  SYNC  SWITCH  ^  ^  ^ 

0  =  SWITCH 

1=  NOT  SWITCH 

N/A 

1 

53sf2 

WORD  & 
SUBFRAME  (sf) 
LOCATION(S) 


30  (bit  7)  sf  all 

(It.)  30  (bit  5)  sf  all 
(rt.  )  30  (bit  6)  sf  all 
(It.)  30  (bit11)  stall 
(rt.)30  (bit12)  stall 
(It, )  30  (bit  8)  Sf  all 
(rt.)  30  (bit  9)  stall 

30  (bit  10)  sf  all 

30  (bit  1-4)  stall 

#1  -3(bit1)  stall 
#2 -54  (bit  2)  stall 
#1-30{bit8)stall 
#2-30(bit  9)  St  all 
3  (bit  2)  sf  4 

Lt.  30 (bit  11) stall 
Rt.  30  (bit  12)  stall 
3  (bit  3)  sf  4 

8  (bit  1)  stall 

49  (bit  1)  stall 

8  (bit  2)  St  ail 
38  (bit  1)  stall 
43  (bit  1)  stall 
6  (bit  1)  stall 

6  (bit  2)  St  all 

7  (bit  1)  stall 
7  (bit  2)  sf  all 

9  (bit  1)  stall 

9  (bit  2)  St  all 

10  (bit  1)  St  all 

10  (bit 2)  stall 

11  (bit  1)  stall 
11  (bit  2)  stall 
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PARAMETER  NAME 

RANGE 

RESOLUTION 

SAMPLING 

INTERVAL 

(SECONDS) 

WORD  A 
SUBFRAMe(H) 
LOCATION(S) 

59.  APPROACH  ARM 

0  =  ARM 

1  =  NOT  ARM 

N/A 

1  - 

60.  APPROACH  CAPTURE 

0  =  CAPTURE 

1  =  NOT  CAPTURE 

N/A 

1 

13  (bit  2)  stall 

61.  60  AROUND  ROLL 

0= ENGAGED 

:  WA 

f 

17(Wt)sfall 

1  =  NOT  engaged 

62.  QO  AROUND  PITCH 

0  =  ENGAGED 

1  =  NOT  ENGAGED 

N/A 

17  (bit  2)  stall 

63.  vertical  SPEED  HOLD 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

22  (Mt  Difail 

64.  HEADING  HOLD 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

1 

25  (bit  li  st  all 

65.  HEADING  SELECT 

0  =  SELECT 

N/A 

■  1 

25Cbft^srail 

1  =  NOT  SELECT 

66.  HALF  BANK 

0  =  SELECT 

1  =  NOT  SELECT 

N/A 

1 

22  (bit  2)  St  all 

67.  DEAD  RECKONING 

DESELECT 

1=i  NOT  SELECT 

.1 

26(l)itDstafi 

68.  BACK  COURSE 

0  =  SELECT 

1  =  NOT  SELECT 

N/A 

1 

26  (bit  2)  St  all' 

69.  PITCH  HOLD 

0  =  HOLD 

1=  NOT  HOLD 

WA 

27  (bit  1)1^1^} 

70.  ROLL  HOLD 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

1 

27  (bit  2)  St  ail 

71.  CLIMB  HOLD 

0  =  HOLD 

1  =  NOT  HOLD 

N/A 

1  v: 

33  (fait  1)  st  all  ^ 

72.  PITCH  TRIM  FAIL 

0  =  FAIL 

1  =  NOT  FAIL 

N/A 

1 

33  (bit  2)  St  ail 

73.  OUT  OF  TRIM  ELEVATOR 

0  =  OUT  OF  TRIM 

1  =  IN  TRIM 

1 

41<bitDsta«« 

74.  OUT  OF  TRIM  AILERON 

0  =  OUT  OF  TRIM 

1  =  IN  TRIM 

N/A 

1 

41  (bit  2)  St  all 

75.  OUT  OF  TRIM  RUDDER 

0  =  OUTOFTRIM 

1  =  IN  TRIM 

N/A 

1  ' ' : 

42  (bit  i)  St 

76.  VBAR INVUE 

0  =  INVUE 

1  =  NOT  INVUE 

N/A 

1 

42  (bit  2)  St  ail 

77.  TRIM  RUN  MODE 

0= engaged 

1  s  not  ENGAGED 

■  ■■■'■■N/A' 

1 

43(bft2)Vsrfl 

78.  DESCENT  MODE 

0  =  ENGAGED 

1  =  NOT  ENGAGED 

N/A 

1 

45  (bit  1)  St  all 

79.  SOFT  RIDE  MODE 

0= ENGAGED 

1  =  NOT  ENGAGED 

N/A 

*  - 

. '' 

45  (bit  2)  St  all 

80.  GO  AROUND  MODE 

0  =  ENGAGED 

1  =  NOT  ENGAGED 

N/A 

54  (bit  1)  stall 

81.GPWS#1 

D  =  VWkRNlNG 

=  normal 

N/A 

1 

24(b(t1)sfdi 

82.  GPWS  #2 

0  =  WARNING 

1  =  NORMAL 

N/A 

1 ,,, .  ..  ^ . . 

24  (bit  2)  St  all 

83.GPV\^#3 

0  =  WARNING 

1  =  NGf?MAL 

W 

1 

40{bjt1)^all 

84.  MASTER  WARNING 

0  =  warning 

1  =  NCpMAL 

N/A 

1 

40  (bit  2)  sf  all 

88.  M^TER  CAUTION 

o  =  e>ifrioN 

1  =  n6rmal 

WA 

1 

56(bit1)^aN 
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PARAMETER  NAME 

RANGE 

RESOLUTION 

SAMPLING 

INTERVAL 

(SECONDS) 

WORD  & 
SUBFRAME  (sf) 
LOCATION(S) 

86.  MARKER  INNER  #1 

0  =  ON 

N/A 

1 

57(bit1)sfall  , 

87.  MARKER  MIDDLE  #1 

0=ON 

1  =OFF 

N/A 

1 

57  (bit  2)  Stall 

88.  M  ARKER  OUTER  #1 

0  =  ON 

1  =  OFF 

0  =  ON 

1  =OFF 

N/A 

■  1 

58  (bit  1)  stall 

86.  MARKER  INNER  #2 

N/A 

1  " 

58  (bit  2)  stall 

87.  MARKER  MIDDLED 

0=ON 

1  =  OFF 

N/A 

;,1 

59  (bit  1)  stall 

88.  MARKER  OUTER  #2 

0  =  ON 

1  =  OFF 

N/A 

1 

59  (bit  2)  St  all 

89.  YAW  DAMPER  DISCONNECT 

o=diSg6nnected 

1  =CONNfeCTED 

N/A 

.-1  ■■■ 

38  (bit  2)  St  art  , 

90.  YAW  DAMPER 

O  =  ENGAGED 

1  =  NOT  ENGAGED 

N/A 

1 

49  (bit  2)  St  all 

91.  AIRCRAFT  ID 

N/A 

N/A 

62(bit1-8)sf1 ; 

92.  FLIGHT  NO. 

N/A 

N/A 

4 

M  (bit  1-4)  St  2 

64  (bit  1-12)  st3 

93. 429/CSDB  SELECT 

0  =  ARINC429 
1s=CSDB 

N/A 

4  ;  ■_ 

3(bM6)sf4 

94. 120/123  SELECT 

0  =  CBA-123 

1  =  EMB-120 

N/A 

4 

3(bit4)st4 

95. 145  SELECT 

'■■-■:'^0  =  SELEOfEb:v''v 

1  =  Not  SELECTED 

;  3i(blt5)sf4  . 

96.  GMT  MIN:SEC 

N/A 

N/A  I 

’  .1 . " 

'  2  stall 

97.  GMT  HOURS 

N/A 

N/A 

p;§|||g|||g|§ 

98.  DAY  MONTH 

N/A  I 

N/A  I 

'■4  i 

3st2’  " 

m  YEAR 

N/A 

;  N/A  ' 

■'  *  ' 

38f3 

Created-  April  07.  1997 


National  Transportation  Safety  Board/  VPD 


f^AL  PCS  CtzGJ  / 
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Local  Tima  (PraHm.} 


Revised-  April  07,  1997 


National  Transportation  Safety  Board 
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APPENDIX  D— METEOROLOGICAL  INFORMATION/NCAR  STUDY 

Mesoscale  analysis  of  the  COMAIR-3272  crash  of  9  January  1997 

Ben  C.  Bernstein 
Research  Applications  Program 
National  Center  for  Atmospheric  Research 
Boulder,  CO  80307-3000 
March  30, 1998 


1.  Introduction 

This  discussion  is  to  be  considered  in  the  context  of  the  synoptic-scale  weather  data  previously 
presented  to  the  NTSB  by  NCAR.  Here,  the  focus  is  placed  on  the  mesoscale  weather  elements  which  are 
pertinent  to  the  accretion  of  ice  on  Comair-3272  and  on  explaining  the  significant  differences  in  icing 
reported  by  the  pilots  of  four  other  aircraft  which  flew  in  close  proximity  to  Comair-3272  within  a  10 
minute  time  window. 

2.  Analysis  of  radar  data  •  overview 

Regional  radar  images  indicate  widespread  areas  of  snow  across  Michigan  at  2000  and  2100 
UTC,  essentially  to  the  north  of  the  Ohio/Michigan  border  (see  Rgs.  la,b).  Along  the  edges  of  this  area 
of  snow,  there  were  patches  of  lower  reflectivity,  which  show  up  as  “holes”  in  the  echo  pattern.  These 
patches  were  evident  near  Detroit  during  the  period  in  which  the  crash  occurred.  Close  examination  of 
the  0.5  degree  scan  from  the  Detroit  NEXRAD  (DTX)  at  2049  UTC  (Fig.  2a)  shows  widespread 
reflectivity  of  >  15  dBZ  across  much  of  the  radar  scope,  with  weaker  echoes  to  the  southeast  and  south  of 
DIX.  Patches  of  lower  reflectivity  are  evident  in  these  areas,  with  values  of  about  0  to  10  dBZ.  One  of 
these  patches  was  in  place  from  approximately  50  to  1(X)  km  to  the  south-southwest  of  DTX.  A  look  at 
the  1.5  and  2.4  degree  scans  (Figs.  2b, c)  indicates  that  reflectivity  values  decreased  with  height  in  this 
area.  Coniair-3272  was  flying  through  this  patch  of  lower  reflectivity  during  the  last  6  W  minutes  before 
the  upset  occurred.  At  2050  UTC,  Comair-3272  was  at  an  altitude  of  -7000  ft  (-2133  m)  MSL  and 
location  of  -  72  km  from  the  DTX  radar  at  ~  200  degrees  azimuth.  Since  the  DTX  radar  is  at  an 
elevation  of  360  m  MSL,  Comair-3272  was  -1733  m  above  the  radar  at  a  distance  of  72  km, 
cwresponding  to  an  elevation  angle  of  approximately  1.4  degrees.  Reflectivity  values  at  the  location  of 
the  Comair  were  between  -5  and  +10  dBZ  on  the  1.5  degree  elevation  scan  and  are  relatively  low 
compared  to  the  10-30  dBZ  values  within  a  swath  of  snow  to  the  northwest  and  north. 

Data  from  the  DTX  radar  have  been  digitally  interpolated  to  a  150  km  by  150  km  grid  that 
encompasses  the  Comair's  path  of  flight  during  the  last  -8  minutes  before  the  crash.  H(»izontal  slices 
(CAPPIs)  of  radar  data  were  created  at  0.8  and  2.3  km  MSL  from  DTX  radar  volumes  which  began  at 
2037, 2043  and  2049  UTC.  These  altitudes  roughly  approximate  the  height  of  the  center  of  the  0.5  and 
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1 .5  degree  elevation  DTX  radar  beams  at  the  horizontal  location  of  Comair-3272  at  2050  UTC  (-72  km 
SSW  of  DTX).  Superposition  of  the  FAA  radar-based  tracks  of  Comair-3272  and  several  other  aircraft  on 
approach  to  Detroit  on  the  0.8  km  CAPPI  from  2049  UTC  (Fig.  3a)  indicate  that  these  planes  were  flying 
on  the  southeastern  edge  of  the  large  swath  of  precipitation  where  most  of  the  reflectivity  values  were 
approximately  10  dBZ  at  0.8km  (-1 .3  km  below  flight  level).  All  of  the  aircraft  passed  through  a  patch  of 
lower  reflectivity  during  or  just  before  the  first  of  two  turns  on  approach  to  Detroit.  This  patch  will  be 
discussed  in  further  detail  and  related  to  the  tracks  of  the  aircraft  in  a  later  section  of  this  report. 

3.  Comparison  of  surface  Observations  with  radar  and  sounding  data 

Data  from  several  National  Weather  Service  reporting  stations  in  the  vicinity  of  the  crash  have 
also  been  plotted  on  the  gridded  radar  reflectivity  map  for  0.8  km  MSL  (Fig.  3a).  All  of  the  stations 
(DTW  -  Detroit  MI,  YIP  -  Ypsilanti/Detroit- Willow  MI,  ARB  -  Ann  Arbor  MI,  JXN  -  Jackson  MI,  TOL  - 
Toledo  OH)  were  reporting  snow  at  -2050  UTC,  but  details  in  the  obsovations  reveal  more  information. 
DTW  was  reporting  light  snow  and  mist,  visibility  of  3/4  miles,  broken  clouds  at  600  and  1200  feet  and  an 
overcast  deck  at  1700  feet  Reflectivity  values  over  DTW  were  s^proximately  20  dBZ  at  this  time,  but  as 
areas  of  lower  reflectivity  to  the  southwest  moved  over  DTW,  the  visibility  at  the  surface  improved  to  3 
miles  and  the  snow  briefly  stopped  between  2149  and  2201  UTC  (1649-1701  LST  -  see  observer 
comments  in  Table  la).  Ice  pellets  were  reported  at  DTW  about  2  hours  after  the  crash,  from  2332  to 
2347  UTC  (1832-1847  LST).  ARB  was  located  on  the  northern  edge  of  the  patch,  where  reflectivity 
values  were  ^proximately  10  dBZ.  As  the  northern  edge  of  the  patch  of  low  reflectivity  reached  ARB, 
the  visibility  temporarily  rose  from  1  mile  (1953  UTC)  to  4  miles  (2053  UTC),  then  fell  back  to  2.5  miles 
(2121  UTC),  then  to  1.5  miles  (2150  UTC),  following  the  passage  of  the  patch  (see  Table  lb).  This  brief 
increase  in  visibility  indicates  that  the  intensity  of  the  snow  is  likely  to  have  decreased  substantially  within 
the  northern  edge  of  the  patch.  JXN  was  located  to  the  northwest  of  the  aircraft  tracks,  within  areas  of  15- 
20  dBZ  reflectivity,  reported  continuous  light  snow,  visibility  values  of  1  mile  or  less  and  overcast 
ceilings  varying  from  800  to  1700  feet. 

The  decrease  in  or  cessation  of  snowfall  in  the  areas  of  low  reflectivity  indicates  that  the  snow¬ 
making  process  was  less  efficient  there,  thus  allowing  a  greater  opportunity  for  liquid  cloud  to  exist. 
Several  observations  of  pellets  were  made  by  surface  stations  (Detroit  MI,  Findlay  OH)  and  individuals  (a 
pilot  at  home  in  Mason  City,  Ml  reported  pellets  and  described  them  as  "not  opaque,  but  not  clear,  either"; 
a  fireman  on  his  way  to  the  crash  scene  reported  pellets)  around  the  Detroit  area  in  the  hours  surrounding 
the  crash.  These  observations  indicate  that  either  large  drops  and/or  significant  water  contents  were  likely 
to  exist  within  the  cloud,  possibly  mixed  with  snow  crystals  in  some  locations.  Any  pellets  which  did 
occur  were  formed  in  an  environment  free  of  the  melting  process,  since  only  sub-freezing  temperatures 
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were  found  in  sounding  data  from  both  Detroit  and  Wilmington,  Ohio  for  0000  UTC  on  10  January  (see 
Tables  2a.b). 

4.  Comparison  of  aircraft  tracks  with  radar  data 

FAA  radar-based  track  data  available  for  five  different  aircraft  flying  in  the  area  near  the  time  of 
the  crash  are  plotted  on  the  0.8  km  radar  cross-section  (Fig.  3a).  The  planes  were  as  follows:  Comair 
3272  (Embraer  120,  red  line),  NW  272  (DC  9,  purple  line),  America  West  50  (Airbus  320,  green  line), 
NW  483  (Boeing  757,  blue  line)  and  NW  208  (Airbus  320,  brown  line).  Times  for  the  locations  of  the 
aircraft  are  indicated  with  symbols  on  the  plot.  At  2050  UTC  (circles  in  Rg.  3a),  Comair-3272  was 
making  a  turn  toward  the  southeast  within  the  patch  of  low  reflectivity,  while  America  West  50  was  just 
ahead  of  it  and  NW  272  was  just  behind  it.  NW  483  and  NW  208  had  passed  through  this  area  about  5 
and  10  minutes  farlipr,  respectively.  In  post-crash  interviews,  the  pilots  of  thr.sf,  aircraft  reported  icing 
conditions  varying  from  no  icing  (NW  483)  to  “the  worst  icing  that  (the  pilot)  had  encountered  all  season 
(NW  272).  Although  these  planes  flew  through  similar  locations  within  about  10  minutes  of  each  other, 
close  inspection  of  the  tracks  and  altitudes  of  the  aircraft  relative  to  the  patch  of  low  reflectivity  reveals 
the  source  of  this  discrepancy. 

A  radar  cross-section  at  2.3  km  MSL  (Fig.  3b)  reveals  a  slightly  larger  patch  of  <  10  dBZ 
reflectivity  (compared  to  the  size  of  the  patch  at  0.8  km)  at  the  location  of  the  first  turn  in  the  approach 
pattern.  Comair-3272  had  descended  from  1 1,000  ft  (3352  m  -  all  heights  MSL)  at  2045  UTC  and  slowed 
from  -350  knots  to  -240  knots  before  entering  the  first  turn  at  2050  UTC  (see  Table  3a).  According  to 
preliminary  information  from  Embraer  engineers,  the  airplane  was  “clean”  until  it  descended  to  7000  feet 
(-2133  m)  MSL,  and  started  to  pick  up  drag  at  -204945  UTC,  possibly  indicating  the  onset  of  ice 
accretion  on  the  aircraft.  Comair-3272  reached  this  altitude  when  it  entered  the  patch  of  lower  reflectivity 
at  -204904  UTC,  held  at  7000  ft  until  205113  UTC,  then  gradually  descended  as  it  flew  toward  the 
southeast  through  the  low  reflectivity  patch,  reaching  an  altitude  of  4(X)0  ft  (1219  m)  by  205403  UTC.  It 
was  during  this  period  that  drag  counts  were  reported  to  have  increased,  with  the  most  rapid  increase  in 
drag  counts  indicated  between  5500  and  4500  ft  (1675  and  1370  m),  according  to  Embraer  engineers. 
Reflectivity  values  in  the  path  of  flight  during  this  period  of  time  were  between  -4  and  9  dBZ.  Once 
Comair-3272  descended  to  altitudes  of  7000  ft  or  less,  it  flew  through  an  area  with  reflectivity  values  of 
less  than  10  dBZ  for  -6  W  minutes  (-5  minutes  of  which  the  aircraft  was  picking  up  drag,  according  to 
the  preliminary  engineering  data  -  possibly  in  icing  conditions)  before  attempting  to  make  a  left  turn  on 
approach  to  Detroit  at  205426  UTC  and  4000  ft  (1219  m).  During  this  portion  of  the  flight,  the  plane  was 
traveling  at  between  approximately  160  and  180  knots  in  an  enviroruuent  where  twnperatures  were 
between  -6  and  -1 1  C,  according  to  the  Detroit  balloon  borne  sounding  released  at  2300  UTC.  Total 
temperatures  calculated  for  this  period  were  between  -3  and  -7C. 
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NW  272  (a  DC  9)  also  descended  into  the  patch  of  low  reflectivity  at  7000  ft  and  made  a  right 
turn  within  it,  essentially  following  the  path  of  Comair-3272,  but  was  about  two  minutes  behind  it  (see 
2050  UTC  locations  on  Fig.  3b;  Table  3b).  NW  272  flew  at  similar  altitudes  at  speeds  of  150  to  170 
knots,  and,  thus,  had  similar  total  temperatures  to  Comair-3272.  The  pilot  reported  that  this  was  “the 
worst  ice  (the  pilot)  had  seen  all  season"  with  some  splashback  and  described  the  ice  as  "extremely  heavy 
to  severe"  based  upon  “18  years  of  operations  in  the  Detroit  and  Lake  Erie  areas.”  The  pilot  also  reported 
that  ice  was  accreting  at  a  rate  of  approximately  Vi  inch  of  ice  per  minute,  that  the  plane  was  flying  in 
solid  overcast  conditions  and  that  the  radar  showed  little  or  no  returns.  When  asked  to  hold  altitude,  the 
pilot  asked  to  climb  out  and  did  so  by  making  a  U-tum  at  the  southeastern  end  of  the  low  reflectivity 
patch.  Overall,  NW  272  appeared  to  be  within  the  patch  of  less  than  10  dBZ  reflectivity  at  altitudes  at  or 
below  7000  ft  for  more  than  8  minutes. 

America  West  (AWE)  flight  50  (an  Airbus  320)  passed  over  the  top  of  Comair-3272  at  -2045 
UTC  and  was  a  minute  or  so  ahead  of  it  at  2050  UTC  (see  Fig.  3b,  Table  3c).  This  aircraft  did  not 
descend  to  7000  ft  until  after  making  the  initial  turn  at  8000  ft,  reaching  an  altitude  of  7000  ft  at  the 
eastern  edge  of  the  low  reflectivity  patch.  This  aircraft  spent  approximately  two  minutes  in  areas  of  less 
than  10  dBZ  at  altitudes  of  7000  ft  or  less.  The  pilot  did  report  moderate  rime  icing  with  possible  freezing 
drizzle  and  light  snow.  The  pilot  reported  an  ice  accumulation  of  approximately  1/4  inch  and  an  icing 
exposure  time  of  5  to  8  minutes,  much  of  which  appears  to  have  occurred  at  altitudes  above  7000  ft  and/or 
in  areas  of  higher  reflectivity  to  the  east  of  the  patch.  Visible  moisture  was  mentioned,  and  the  pilot  also 
indicated  that  light  and  occasionally  moderate  turbulence  was  present.  Overall,  Comair-3272,  NW-272 
and  AWE-50  were  all  flying  in  a  similar  environment,  but  AWE-50  was  exposed  to  the  area  of  low 
reflectivity  at  altitudes  of  7000  ft  or  less  for  a  shorter  amount  of  time. 

NW-483  (a  Boeing  757)  descended  into  the  center  of  the  patch  at  -204630  UTC  and  crossed 
through  to  the  eastern  edge  rather  quickly  (Fig.  4,  Table  3d).  This  aircraft  was  traveling  speeds  of  roughly 
210  to  280  knots  through  the  patch  and  had  total  temperamres  of  between  -3  and  0  C.  The  pilot  only 
reported  light  snow  and  no  icing  on  approach  to  DTW.  This  aircraft  only  briefly  passed  through  the  patch 
of  reflectivity  <  10  dBZ  at  altitudes  of  7000  ft  or  less,  causing  a  relatively  short  exposure  (-2  minutes)  to 
the  environment  that  existed  there.  NW-208  (an  Airbus  320)  essentially  crossed  over  the  patch  at 
altitudes  of  more  than  7200  ft  between  2038  and  2040  UTC,  descending  below  7000  ft  into  reflectivity  of 
-10  dBZ  on  the  far  east  side  of  the  patch,  missing  most  of  it  (Fig.  5,  Table  3e).  The  pilot  of  that  aircraft 
reported  rime  icing,  with  1/2  inch  or  less  accumulation  and  light  snow  during  descent. 

Overall,  the  differences  in  exposure  time  and  aircraft  speed  are  likely  to  account  for  the  wide 
variety  of  icing  reported  by  these  pilots  in  interviews  following  the  crash.  This  is  especially  true  if, 
indeed,  the  top  of  the  icing  layer  was  near  7000  ft  MSL. 
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5.  Cloud  top  height  and  possible  shear  layers 

Examination  of  data  from  the  DTX  radar  show  that  when  looking  toward  the  south-southwest 
(-200  degrees),  patchy  reflectivity  is  only  evident  out  to  -55-60  km  on  the  2.4  degree  elevation  scan  (Fig. 
2c),  indicating  that  the  height  of  the  highest  radar-detectable  particles  was  near  8900  ft  MSL,  and  the 
pocketed  nature  of  the  reflectivity  in  this  region  points  towards  some  variability  in  the  height  of  the  tops. 
Note  that  this  height  is  not  necessarily  the  same  as  cloud  top,  which  may  be  higher.  A  close  look  at  the 
radial  velocity  field  on  the  2.4  degree  scan  (Fig.  6)  reveals  the  existence  of  multiple  weak  shear  layers 
within  the  cloud  depth,  evidenced  by  slight  changes  in  the  azimuthal  location  of  the  0  ms'*  radial  velocity 
line  with  increasing  distance  from  the  radar  (and  thus,  height).  DTX  sounding  data  (see  Table  2a)  also 
indicate  the  existence  of  some  shear  between  5900  and  8770  ft  (1800-2675  m),  in  the  upper  portion  of  the 
layer  with  relative  humidity  values  in  excess  of  95%.  The  next  relative  humidity  value  available  in  the 
sounding  was  83%,  with  a  temperature  of  -16C  at  10,700  ft  (3250  m).  Relative  humidity  values  dropped 
sharply  above  this  altitude,  indicating  a  lack  of  cloud  there.  Infrared  data  from  the  GOES-9  satellite 
iitdicate  cloud  top  temperature  values  of  approximately  -17C  over  artd  to  the  south  of  Detroit,  which 
roughly  matches  the  cloud  top  heights  inferred  from  the  sounding  data  at  10,7(X)  ft  and  -16C.  The 
essentially  liquid-saturated  values  of  relative  humidity  that  existed  in  the  DTX  sounding  between  1700  ft 
(also  the  height  of  cloud  base  reported  by  DTW  at  2100  UTC)  to  8800  ft  may  serve  as  an  indication  that 
this  layer  was  made  up  of  predominantly  liquid  cloud,  while  a  layer  mostly  comprised  of  snow  may  have 
existed  above  this.  The  8800  ft  height  closely  matches  the  approximate  height  of  the  radar  reflectivity  tops 
to  the  south-southwest  of  the  Detroit  airport.  Pilots  in  the  area  reported  cloud  top  heights  ranging  from 
5000  to  1 1,000  ft  (except  for  higher  tops  of  16,000  ft  to  the  north),  and  moderate  or  greater  intensity 
icing,  both  rime  and  mixed  in  type,  between  4,000  and  1 1,000  feet  MSL.  Some  pilots  also  reported  the 
existence  of  multiple  cloud  layers  around  Detroit 

Overall,  the  assessment  of  cloud  top  height  is  difficult  for  this  case.  It  is  quite  clear,  however, 
that  cloud  tops  were  lower  to  the  south  of  Detroit  and  that  Comair-3272  was  flying  in  a  location  of 
transition  between  deeper,  snow  clouds  to  the  north  and  shallower,  lightly  precipitating  or  non¬ 
precipitating  clouds  to  the  south. 

6.  Radiometer  data  from  Toronto,  Ontario 

Data  from  a  microwave  radiometer  located  downstream  of  the  crash  site  at  Toronto  (43.964  N, 
79.574  W)  indicated  integratedliquid  water  contents  of  0.05  to  0.8  kg/m*  as  the  area  of  relatively  warm 
cloud  tops  and  low  radar  reflectivity  that  was  over  the  crash  site  reached  the  radiometer  between  the  hours 
of  2300, 9  January  and  0200, 10  January  (see  Figs  la-b,  7a-c,  8).  Tracking  of  the  radar  features  was  not 
easily  done,  but  the  back  edge  of  the  reflectivity  region  was  used  to  roughly  approximate  the  downstream 
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location  of  the  portion  of  the  storm  in  which  the  aircraft  crashed.  Using  this  method,  the  back  edge  of  the 
radar  reflectivity  appeared  to  pass  the  radiometer  near  0000  UTC,  10  January,  when  liquid  water  contents 
were  near  a  short-lived  minimum.  Water  content  values  were  as  high  as  0.8  near  2300  UTC,  then 
gradually  dropped  to  near  zero  at  -0000  UTC,  rose  sharply  to  0.5  at  the  0030  UTC,  dropped  again  to  0. 1 
by  a  0100  UTC,  then  rose  gradually  to  0.8  at  -0200  UTC.  It  is  difficult  to  say  which,  if  any,  of  these 
liquid  water  contents  was  representative  of  the  water  content  present  at  the  time  and  location  of  the  crash, 
but  this  range  of  values  is  certainly  plausible  for  that  environment.  Using  representative  reflectivity 
values  from  the  Detroit  radar  and  a  range  of  liquid  water  content  values  from  the  Toronto  radiometer,  one 
can  roughly  approximate  the  range  of  drop  diameters,  using  a  monodisperse  distribution  of  liquid 
droplets.  Assuming  an  all-liquid  cloud  with  depth  of  -2000  m  (-6500  ft),  integrated  liquid  water  contents 
of  0.05  to  0.8  kg/m^  and  that  the  liquid  water  content  was  distributed  evenly  through  the  depth  of  the 
cloud,  the  average  liquid  water  content  would  have  been  between  0.025  and  0.4  g  per  cubic  meter.  Using 
this  range  of  values  and  representative  reflectivity  values  of  5  dBZ,  the  expected  drop  sizes  are 
approximately  200  to  400  microns  (see  Rg.  9).  It  is  important  to  note  that  higher  and  lower  values  of 
LWC  and  corresponding  lower/higher  droplet  sizes  are  likely  to  have  existed  within  portions  of  the  cloud 
depth,  since  the  liquid  water  is  unlikely  to  have  been  evenly  distributed  through  the  depth  of  the  cloud. 


7.  Summary  and  conclusions 

The  evidence  for  the  existence  of  icing  conditions  along  the  Comair-3272  flight  track  is  strong 
and  there  are  several  clues  present  which  suggest  that  freezing  drizzle  may  have  also  existed  there.  The 
possibility  that  freezing  drizzle  existed  within  this  cloud  is  supported  by  1)  reports  of  ice  pellets  and/or 
graupel  in  surface  observations,  2)  a  report  of  possible  freezing  drizzle  by  the  pilot  of  America  West  50, 

3)  the  report  of  extremely  heavy  to  severe  icing  with  some  splash  back  and  fast  accumulation  rates  (1/2 
inch  per  minute)  by  the  pitot  of  NW  272,  and  4)  the  roughly  calculated  drop  sizes  based  upon  reflectivity 
data  from  the  DTX  radar  and  the  Toronto  radiometer. 
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97/  1/9  20  49  16-20  54  4  KDTX  Z  =  0.80  KM  DZ 
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DTX  Radar  Reflectivity  -  COMAIR  3272 
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APPENDIX  E— EMBRAER/NTSB  COMPUTER  SIMULATION  AND 
ENGINEERING/FLIGHT  SIMULATOR  DATA 

EMB-120  COM  AIR  FLIGHT  3272  ACCIDENT 

EMBRAER  PRELIMINARY  ANALYSIS  OF  THE  EFFECTS  OF  SOME 
AERODYNAMIC  COEFFICIENTS  MODIFICATION  TO  TRY  TO  REPRODUCE  THE 

DFDR  READINGS, 


1)  Introduction: 


In  order  to  try  to  reproduce  the  DFDR  readings,  the  aircraft  flight  conditions  just  prior  to 
the  upset  (DFDR  time  05:54:22)  was  taken  as  a  reference  to  calculate  the  changes  to  the 
basic  aerodynamic  coefficients  of  the  EMB-120.  The  EMB-120  Aerodynamic  Data  Bank 
Version  3C  (Ref  01)  was  used  as  the  source  of  aero  data.  This  Data  Bank  is  the  same  that  is 
used  on  the  EMBRAER  EMB-120  simulator  and  also  on  the  off-line  simulation  program  in 
the  IBM  mainframe  computer.  The  simulator  is  approved  according  to  FAA  AC-120/40 
requirements  for  a  Level  B  standard,  but  all  Flight  Dynamics  tests  were  matched  with  flight 
test  results  for  a  Level  C  standard. 

It  is  important  to  take  in  consideration  the  following  assumptions  and  limitations  of  this 
analysis: 

1.  The  flight  conditions  Just  prior  to  the  upset  was  considered  a  “steady  state  condition”, 
meaning  that  all  angular  rates  were  considered  small  and  the  dynamic  aerodynamic 
derivatives  could  be  considered  negligible. 

2.  The  Power  Effects  (Specially  the  propeller  slipstream  effect)  in  the  EMB-120  is  very 
strong  and  for  this  preliminary  analysis  was  not  fully  considered  when  calculating  some 
aerodynamic  coefficients. 

3.  The  ice  effects  on  the  aerodynamic  coefficients  were  taken  from  wind  tunnel  test  results 
and  only  some  Reynolds  Number  corrections  were  applied 

4.  The  flight  simulation  (6  DOF)  is  valid  only  up  to  the  pusher  firing  angle  of  attack 
(approx.  12.5  deg).  Above  this  angle  the  aerodynamic  data  and  the  effects  of  any 
asymmetric  flow  separation  are  not  valid  or  not  considered. 

5.  For  this  first  preliminary  flight  simulation,  only  some  aerodynamic  parameters  were 
modified  and  for  this  reason  some  special  assumptions  were  made  due  to  lack  of  time.  All 
assumptions,  however,  were  considered  not  relevant  to  this  preliminary  analysis. 


2)  Steady  State  caiciilalions: 

The  following  values  were  taken  from  the  DFDR  reading  at  time  05:54:22  and  from  some 
unofficial  information. 


Weight  (W)  =  10800  Kg 
Airspeed  (VC)  =  146  Kcas 
Roll  angle  (PHI)  =  -38  deg 
Wheel  pos.  (WP)  =19.5  deg 
Column  pos.  =  +  5  deg 


C.G.  =  30%  (Assumed) 

Altitude  (HP)  =  4000  ft 
Pitch  angle  (Theta)  =  +  4  deg 
Pedal  pos.  =  -  5.0  deg 
Vertical  acceleration  (NZ)  =1.3 
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The  following  values  were  derived  from  the  DFDR  reading  (Some  values  are  according  to 
the  EMBRAER  signal  convention  and  range): 

Mean  aileron  position  (MAIL)  =  -18.0  deg 

MAIL  varies  from  -40  deg  (right)  to  +40  deg  (left) 

Mean  elevator  position  (MELEV)  =  -  1 1.0  deg 

MELEV  varies  from  -25  deg  (nose  up)  to  +1 5  deg  (nose  down) 

Rudder  position  (RUD)  =  -  4.0  deg  (after  a  value  of  +8.0  deg  was  added  to  the  DFDR 
reading  of  the  pedal  position  to  try  to  compensate  for  a  possible  sensor  offset) 

RUD  varies  from  -W  deg  (right)  to  +  36  deg  (left) 

2o  17 

Using  the  values  above  and  the  aerodynamic  derivatives  around  this  condition  (Taken 
from  the  Aero  Data  Bank),  the  following  delta  lateral  coefficients  were  obtained  to 
compensate  for  a  normal  coordinated  turn  (Aileron,  Rudder  and  sideslip  angle  close  to  zero): 

Delta  Rolling  Moment  Coefficient  (DCR)  =  +  0.014 
Delta  Yawing  Moment  Coefficient  (DCN)  =  +  0.026 

Considering  that: 

1)  The  calculated  body  angle  of  attack  (AO A)  from  the  DFDR  vane  AOA  at  time  05:54:22 
is  in  the  order  of  10  0  deg. 

2)  The  shaker  firing  body  AOA  is  approximately  10.0  deg 

3)  There  is  a  good  indication  that  the  shaker  was  activated  close  to  the  upset 

We  assumed  that,  at  that  moment,  the  body  AOA  was  approximately  10.0  deg. 

For  a  weight  of  10800  Kg,  146  Kcas,  4000  ft  and  a  NZ  of  1 .3,  the  lift  coefficient  is: 

CL=  1.053 

According  to  the  normal  (Power  for  level  flight)  lift  curve  of  the  EMB-120,  a  body  AOA 
of  approximately  8.8  deg  would  be  required  to  produce  a  CL  =  1.053.  For  a  body  AOA  of 
10.0  deg  a  CL  =  1.17  would  be  expected.  This  give  us  a  difference  of  approximately  : 

Delta  Lift  Coefficient  (DCL)  =  -  0. 1 1 7 

This  difference  is  the  “Lift  degradation”  that  the  airplane  could  have  at  that  moment. 

In  order  to  produce  a  “Lift  Degradation”  of  DCL  =  -  0.1 17  and  at  the  same  time  a  Delta 
Rolling  Moment  of  DCR  =  +  0.014,  the  left  and  right  wings  should  produce  different  values 
of  DCLs  in  the  order  of  (Considering  that  this  delta  lift  is  applied  in  a  spanwise  location  close 
to  the  inner  part  of  the  aileron): 

Delta  lift  coeff  left  wing  (DCLL)  =  -0.078 
Delta  lift  coeff  right  wing  (DCLR)  =  -0.039 

During  the  development  phase  of  the  EMB-120,  a  wind  tunnel  test  was  performed  with 
simulated  ice  shapes  on  the  leading  edges  of  all  flying  surface,  with  a  shape  and  size 
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calculated  for  a  45  min.  holding  condition.  The  results  of  this  test  indicate  a  linear  increase  in 
the  aerodynamic  coeftlcients  degradation  from  a  body  AOA  of  approximately  2  deg  up  to 
10.0  deg  with  the  maximum  value  in  the  order  of 

Maximum  delta  Lift  Coefficient  due  to  Ice  (DCLICE)  =  -  0.35 
Maximum  delta  Drag  Coefficient  due  to  Ice  (DCDICE)  =  +  0. 1 15 
Maximum  delta  Pitching  Moment  Coeff  due  to  Ice  (DCMICE)  =  -  0.285 

From  above,  comparing  the  DCL  value  with  the  DCLICE  we  obtain: 

Percentage  of  “Lift  Degradation”  due  to  Ice  Effect  (ICEPER)  =  0.117/0.35  =  33.0  % 

For  each  wing  panel  the  percentages  would  be  (Assuming  the  contribution  is  linear): 

Percentage  of  Left  wing  “Lift  Degradation”  due  to  Ice  Efrect(ICEPERL)  =  45% 
Percentage  of  Right  wing  “Lift  Degradation”  due  to  Ice  Effect  ICEPERR)  =  22% 

Considering  33%  of  “Ice  effect”,  the  corresponding  drag  and  pitching  moment  deltas  would 
be: 


Delta  Drag  due  to  ice  (DCD)  =  +  0.038  (33%  of  0. 1 1 5) 

Delta  Pitching  moment  due  to  ice  (DCM)  =  -  0.094  (33%  of-  0.285) 

3)  Flight  simulation  of  the  moments  prior  to  the  upset 

The  values  from  control  surface  deflections  as  a  function  of  time  from  the  DFDR  and  the 
initial  conditions  at  DFDR  time  of  approximately  05:53:52  were  introduced  in  a  6  DOF  flight 
simulation  program  that  uses  the  EMB-120  aerodynamic  data  bank  version  3C  and  calculates 
the  airplane  responses  to  the  control  inputs.  In  this  simulation,  there  is  no  engine  dynamic 
model  and  the  engine/propeller  thrust  is  assumed  proportional  to  the  engine  torque  (This 
means  a  linear  and  direct  variation  of  thrust  with  respect  to  the  torque  -  100%  torque  means 
100%  available  thrust  at  that  flight  condition).  The  global  and  “steady  state”  effects  of  this 
thrust  over  the  aerodynamic  coeftlcients  are  taken  in  consideration  in  the  data  bank.  The 
dynamic  effects  of  thrust  variation  (The  fact  that  during  a  sudden  change  in  torque  and  thrust 
the  propeller  slipstream  causes  first  an  effect  over  the  wing  and  then  over  the  downwash  and 
tail)  is  not  considered  in  the  data  bank. 

In  the  first  simulation,  no  aerodynamic  coefficients  changes  were  introduced  to  the  data 
bank  and  the  airplane  was  free  to  respond  to  the  DFDR  control  inputs.  Some  small  offsets  at 
the  initial  condition  are  due  to  the  fact  that  the  simulation  program  first  trims  the  airplane  for 
no  angular  rates  and  no  accelerations  and  for  a  given  C.G.  position.  During  the  actual 
airplane  flight,  however,  the  rates  and  accelerations  could  be  not  zero  and  the  C.G.  position 
could  not  be  exactly  30%.  For  this  reason,  for  all  simulations,  only  the  deltas  should  be  taken 
in  consideration. 

Figure  l.a  and  l.b  shows  the  results  of  this  first  case  (No  aerodynamic  degradation)  and 
the  following  comments  should  be  considered: 

a)  The  simulation  is  valid  only  up  to  time  =  32  sec.  due  to  the  fact  that  the  angle  of  attack 
after  that  time  is  above  12.5  deg  that  is  the  maximum  valid  AOA  for  simulation. 

b)  The  parameter  PLAl  (Solid  line)  is,  as  described  above  for  the  simulation,  the 
engine/propeller  thrust  and  is  considered  proportional  to  the  DFDR  values  of  torque. 
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The  small  difference  was  calculated  to  adjust  the  scaling  of  torque  and  thrust.  The 
dashed  line  representing  the  flight  condition  is  the  actual  DFDR  measured  torque. 

In  the  second  simulation,  the  following  values  were  first  introduced  to  the  aerodynamic, 
coefficients  (Values  from  the  steady  state  analysis): 

DCL  =  -0.12  DCD  =  +  0.038  DCM  =  -  0.094 

DCR  =  + 0.014  DCN  =  + 0.026 

These  values  were  a  function  of  the  body  AOA  and  a  linear  variation  was  assumed  fi'om 
+1  deg  (Zero  change  in  the  coefficients)  to  +10  deg  (Maximum  values  -  from  above) 

The  same  kind  of  simulation  was  performed  using  the  DFDR  control  inputs  and  the  results 
of  roll  and  pitch  angle,  airspeed,  altitude,  etc.  were  compared  to  the  DFDR  readings.  After 
some  iteration  process,  the  results  presented  in  Figures  2.a,  2.b  and  2.c  were  obtained. 

The  following  comments  should  be  considered  for  these  results: 

a)  The  simulation  is  valid  only  up  to  a  few  seconds  after  the  upset  point  (Up  to  time  =  35 
sec)  due  to  the  fact  that  the  angular  rates  become  very  high  and  some  asymmetric  flow 
separation  could  occur. 

b)  Due  to  lack  of  time  to  make  further  analysis,  the  DFDR  elevator  deflection  was  not  used 
because  it  generated  a  higher  pitch  angle  and  higher  AOA  than  the  DFDR  readings.  This 
subject  will  be  considered  in  a  next  analysis.  The  simulation  elevator  was  adjusted  to  try 
to  follow  the  DFDR  pitch  angle  and  for  this  reason,  a  change  in  deflection  is  noticed 
between  times  27  and  32  seconds.  This  adjustment  was  very  simple  and  a  frozen  position 
of  -7.5  deg  was  chosen  for  times  above  32.5  sec. 

c)  We  believe  that  the  most  important  comparison  should  be  done  in  respect  to  the 
lateral/directional  characteristics  to  show  the  amount  of  asymmetry  that  was  required  to 
reproduce  the  roll  and  sideslip  angles  and  the  performance  degradation. 

d)  A  small  value  of  0.3  deg  of  right  aileron  deflection  was  introduced  to  the  initial  trim  values 
in  the  simulation  to  obtain  the  same  initial  roll  tendency  of  the  DFDR  readings. 

After  several  iterations,  the  final  changes  to  the  aerodynamic  coefficients  became: 

DCL  =  -0.10  DCD  =  +  0.040  DCM  =  -  0.094 

DCR  =  +  0.010  DCN  =  + 0.004 

4)  Next  EMBRAER  analysis 

EMBRAER  intends  to  continue  this  analysis  to  try  to  obtain  better  results  from  the 
comparison  between  the  simulation  and  DFDR  readings.  The  elevator  deflection  is  an  area 
that  will  be  analyzed  and  some  maneuvers  prior  to  the  upset  will  be  also  reproduced  by 
simulation  to  try  to  find  if  some  aerodynamic  degradation  is  found  long  before  the  upset. 
EMBRAER  is  open  for  any  request  of  information  or  new  simulations  or  assumptions  that 
the  NTSB  or  FAA  would  need  in  the  future. 
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EMB-120  COMAIR  FLIGHT  3272  ACCIDENT 

EMBRAER  PRELIMINARY  ANALYSIS  OF  THE  AIRPLANE  RESPONSE  tO 
THE  SAME  INPUTS  OF  THE  DFDR  BUT  WITHOUT  POWER  INCREASE. 

Date:  Feb/12/97 

1)  INTRODUCTION: 

In  order  to  show  the  apparent  lack  of  airplane  airspeed  response  to  the  power 
increase  a  few  seconds  prior  to  the  upset,  a  simulation  was  performed  in  the  same  way 
as  previously  (01/27/97),  introducing  the  same  aerodynamic  degradation  in  order  to 
reproduce  the  DFDR  readings,  but  at  this  time  maintaining  the  torque  for  both  engines 
in  the  flight  idle  range  for  the  entire  simulation. 

2)  RESULTS 

The  attached  figures  (3  pages)  shows  the  airplane  response  without  power 
increase  from  the  simulation  and  the  DFDR  readings.  In  figure  2  we  notice  that  the 
airspeed  that  in  the  DFDR  readings  shows  a  flattening  around  150  Kcas,  but  in  the 
simulation  it  has  a  constant  decrease  up  to  a  minimum  of  around  135  Kcas.  It  is 
important  to  notice  that  at  this  moment  the  angle  of  attack  (AOA)  of  the  DFDR  is 
increasing  rapidly  and  the  drag  variation  that  was  introduced  in  the  simulation  is  also 
increasing  from  a  value  of  zero  for  one  degree  of  AOA  to  a  value  of  DCD  =  +  0.040 
(400  drag  counts)  for  10  degrees  of  AOA.  This  value  of  400  drag  counts  is  almost 
twice  the  drag  of  the  airplane  landing  gears.  For  those  reasons  (the  fact  that  without 
increasing  the  torque  the  airspeed  would  constantly  decrease  and  the  drag  was 
increasing  with  the  AOA)  the  airspeed  did  not  show  an  increase  in  the  DFDR. 
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EMB-120  COMAIR  FLIGHT  3272  ACCIDENT 

EMBRAER  PRELIMINARY  COMPARISON  OF  THE  SIMULATION  AND  THE 
DFDR  READINGS  FOR  A  PREVIOUS  DFDR  TIME  AIRPLANE  MANEUVER. 

Date:  Feb/13/97 

1)  INTRODUCTION: 

In  order  to  compare  the  aerodynamic  data  bank  of  the  EMB- 1 20  simulation 
responses  to  the  DFDR  readings  for  a  previous  time  during  the  3272  flight,  a  right  turn 
at  7000  ft  was  chosen  as  a  good  reference  point.  The  turn  happened  at  DFDR  time 
from  approximately  05:49:55  to  05:50:45.  During  this  simulation,  no  aerodynamic 
degradation  was  introduced  in  the  aerodynamic  data  bank. 

2)  RESULTS 

The  attached  figures  (3  pages)  shows  the  comparison  of  the  DFDR  readings 
with  the  simulation  for  the  same  control  inputs  for  the  ailerons  and  rudder.  For  the 
elevator,  due  to  the  fact  that  the  simulation  pitch  response  is  sensitive  to  small  elevator 
inputs,  a  simulated  autopilot  was  used  to  follow  the  pitch  from  the  DFDR  and  the 
obtained  elevator  deflection  in  presented  in  figure  1  with  the  elevator  from  the  DFDR. 
We  notice  that  the  two  values  are  very  similar  and  only  a  small  trim  difference  (around 
0.8  deg)  was  obtained. 

The  obtained  simulation  roll  angles  have  some  small  differences  at  the 
beginning  and  the  end  of  the  turn,  but  the  average  value  is  very  close  to  the  DFDR.  It 
is  important  to  notice  that  the  simulation  does  not  take  in  consideration  several  effects 
like  atmosphere  disturbances,  control  cable  elasticity,  airplane  flexibility  among  others. 
The  accuracy  of  the  DFDR  readings  and  calibration  must  also  be  taken  in 
consideration. 

We  notice,  however,  that  the  general  response  of  the  simulation  is  very  close 
to  the  DFDR  readings,  suggesting  that  the  aerodynamic  data  bank  is  representative  of 
the  airplane  and,  at  that  moment,  no  aerodynamic  degradation  was  evident. 
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EMB-120  COMAIR  FLIGHT  3272  ACCIDENT 

EMBRAER  PRELIMINARY  ANALYSTS  OF  THE  AILERON  HINGE  MOMENT. 
AILERON  FLOATING  ANGLE.  AUTOPILOT  SERVO  TORQUE  AND  ROLL 

RATE  CAPABfLITY 


Date;  Feb/07/97 


1)  INTRODUCTION: 

An  analysis  of  the  aileron  behavior  during  the  upset  was  performed  in  order  to 
calculate  the  following  characteristics/parameters: 

1.  The  maximum  roll  rate  for  ftill  aileron  deflection  at  the  moment  of  the  upset. 

2.  The  roll  rate  breakdown  just  after  the  upset  in  terms  of  aileron,  lift  asymmetry  and 
power  increase 

3.  The  aileron  floating  angle  just  after  the  autopilot  disengagement. 

4.  The  autopilot  ser\'o  torque  just  prior  to  the  upset. 

The  following  limitations  and  assumptions  shall  be  observed  for  the  calculated 

values: 


1.  The  Aerodynamic  Data  Bank  does  not  cover  all  non  linearities  in  the  aero  and  hinge 
moments  coefficients  for  extreme  control  surface  deflections  that  would  generate 
strong  flow  separation. 

2.  The  presented  values  for  the  aerodynamic  coefficients  were  taken  from  a  routine 
that  trims  the  airplane  in  a  specific  flight  condition  using  the  Aerodynamic  Data 
Bank  and  calculates  the  derivatives  of  the  aero  coeffs  around  this  trimmed 
condition. 

3.  All  dynamic  flow  separation  that  could  occur  on  the  airplane  is  not  considered  in  the 
simulation. 

4.  The  control  cable  stiffness  is  not  considered  in  this  analysis,  but  could  reduce  the 
aileron  deflection  in  as  much  as  17%  at  the  conditions  prior  to  the  upset  (We  must 
notice  that  the  DFDR  reads  wheel  position  and  not  aileron  deflection) 

2)  DFDR  /  AIRCRAFT  DATA 


The  following  values  were  taken  from  the  DFDR  reading  at  time  05:54:22  and 


from  some  unofficial  information: 
Weight  (W)=^  10800  Kg 
Airspeed  (CAS)  =  146  Kcas 
Roll  angle  (PHI)  =  -38  deg 
Wheel  pos.  (WP)  =  19.5  deg 
Column  pos  =  +  5  deg 


C.G.  ~  30%  (Assumed) 

Altitude  (HP)  =  4000  ft 
Pitch  angle  (Theta)  =  +  4  deg 
Pedal  pos.  =  -  5.0  deg 
Vertical  acceleration  (NZ)  =  1 .3  g 
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DFML  =  (DCHAOA  /  DCHAIL)  DLAOA 

DFAIL  =  9  5deg 

The  total  aileron  floating  angle  (TDFAIL)  is  the  sum  of  the  left  and  right 
floating  angles; 

TDFAIL  =  19  deg  (To  the  left) 

This  value  is  the  same  that  was  obtained  from  the  DFDR  after  the  upset  and 
could  explain  the  reason  why  the  aileron,  after  the  autopilot  disconnection,  not  only 
returned  to  neutral  but  passed  from  neutral  and  floated  to  the  left. 

6)  AUTOPILOT  SERVO  TORQLHE 

The  value  of  the  calculated  aileron  autopilot  servo  torque  just  prior  to  the  upset 
is  presented  below  to  make  a  comparison  with  the  maximum  torque  the  system  could 
generate  before  the  servo  clutch  slips.  The  clutch  slipping  torque  is  150  Ibs’in. 

The  aileron  servo  torque  (ASTQ)  in  lbs*in  is  given  as  a  function  of  the  pilot 
wheel  force  (PWF)  by 

ASTQ  =  PVVF  /  0.288  With  PWT  in  lb. 

The  pilot  wheel  force  is  given  by; 

PWF  =  (DCHAIL  *  MAIL  *  CAS  ♦  CAS  ♦  SAIL  *  CAIL  *  GAIL)  /  60.37 

With  MAIL  (just  before  the  upset  -  18  deg)  in  radians  and  CAS  (146  Kcas)  in 
kts  PFW  is  in  Kgf 

PWF=  19.7  Kgf  =43.4  lb. 

The  servo  torque  would  be; 

ASTQ=  151  lbs*in 

The  value  above  is  the  same  as  the  maximum  torque  the  servo  clutch  can  hold 
and  this  means  that  the  aileron  servo  clutch  could  had  slipped  just  before  the  upset  and 
could  let  the  aileron  move  in  the  neutral  position  direction  before  the  autopilot  was 
disengaged  due  to  the  fact  that  the  static  friction  coefficient  of  the  clutch  is  higher  than 
the  dynamic  and,  if  the  same  torque  is  still  applied,  a  slip  movement  is  expected 
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EMB-120  COMAIR  FLIGHT  3272  ACCIDENT 
EMBRAER  PERFORMANCE  GROUP  AERODYNAMIC  ANALYSIS 

EMBRAER  ANALYSIS  ABOUT  THE  DETERMINATION  OF  WHEN  THE 
AERODYNAMIC  DEGRADATION  (DRAG)  STARTED  ON  COMAIR 

FLIGHT  3272 
(SDCra  ANALYSIS) 


22/Jaii/98 

1)  Introduction: 

In  a  previous  preliminary  analysis  performed  by  Embraer,  a 
cdculation  about  A^en  the  aerodynamic  degradation  on  Comair  3272 
started  showed  that  an  increase  in  drag  was  noticed  after  the  airplane  left 
7000  ft  during  its  descent  to  4000  ft.  This  degradation  increased  during  the 
descent  to  a  maximum  value  at  the  upset  at  4000  ft.  The  purpose  of  the 
Sixth  Analysis  was  to  develop  more  precise  conclusions  as  to  vtdien  the 
aerodynamic  degradation  started,  and  to  what  degree. 

It  was  difficult  to  perform  this  analysis  because,  in  the  DFDR,  the 
airspeed,  engine  torque  and  rate  of  descent  were  constantly  changing, 
making  it  difficult  to  find  a  stable  condition  diat  could  be  compared  to  a 
known  performance  condition.  Only  five  points  with  stable  conditions  were 
found:  one  at  8000  ft  (where  no  degradation  was  found),  one  at  6300  ft,  one 
at  5500  ft.,  one  at  4800  ft.  and  the  last  one  at  4500  ft.(see  Table  1).  The 
basic  overall  question  was  whether  the  degradation  started  during  the  level 
off  at  7000  ft  or  after  the  airplane  had  initiated  its  descent  to  4000  ft.  In 
order  to  answer  this  question,  a  dynamic  analysis  using  the  EMB-120 
simulator  was  performed. 

2)  Simulator  dynamic  analysis  to  reproduce  the  DFDR  at  7000  ft. 

During  the  entire  period  of  level  flight  at  7000  ft  the  airplane  was 
changing  airspeed,  engine  torque  and  heading.  A  point  with  die  wings  level 
followed  by  a  right  turn  ^th  airbed  and  power  change  was  chosen  to 
verify  the  aerodynamic  degradation  just  after  the  level  off  at  7000  ft. 
Figures  1, 2  and  3  shows  the  DFDR  readings  for  the  airspeed,  engine  torque 
and  bank  angle  at  that  point. 

The  EMB-120  simulator  was  used  to  reproduce  this  flight  condition, 
first  without  any  aerodynamic  degradation  and  then  with  different  values  of 
increased  drag.  The  autopilot  was  set  to  altitude  hold  (7000  ft)  and  heading 
modes  and  the  power  was  manually  adjusted  according  to  the  DFDR  values 
and  timing.  The  heading  bug  was  also  commanded  in  such  a  way  diat  the 
bank  angle  reproduced  the  DFDR. 
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The  resulting  airspeed  variation  without  the  aerodynamic  degradation 
was  less  than  what  is  observed  in  the  DFDR  (see  Figure  4  -  No  drag 
increase).  Drag  simulating  an  aerodynamic  degradation  was  then  introduced 
and  vydien  a  value  of  80  Drag  Counts  was  added,  the  obtained  airspeed 
profile  with  time  matched  the  DFDR  vay  closely  (see  Figure  4-80  Drag 
Counts) 

3)  Analysis  of  the  stabilized  points: 

As  described  in  the  introduction,  5  points  where  file  airplane  was  in  a 
stablevcondition  were  used  to  calculate  the  .  x.;nnance  degradation  in  terms 
of  drag  increase.  Table  1  presents  the  results  of  this  analysis  and  Figure  S 
presents  the  combination  of  the  dynamic  analysis  with  the  steady  state 
conditions.  The  value  of  the  drag  increase  for  the  last  point  on  Figure  5  (upset) 
does  not  include  the  induced  drag  due  to  the  increase  in  angle  of  attack,  i.e., 
only  the  additional  degradation  drag  is  considered. 

4)  Conclusions: 

The  analysis  shows  that  the  aerodynamic  degradation  started  near 
DFDR  time  48:00  and  lasted  for  about  6  minutes.  The  increase  in  drag  is 
not  linear  with  time  or  altitude  and  a  small  variation  is  noticed  during  the 
period  of  time  fi-om  50:00  to  52:00.  After  that,  the  rate  of  increase  in  drag  is 
pronounced,  particularly  between  52:50  and  53:30. 
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FIGURE  5  •  COMAIR  FLIGHT  3272 
DRAG  INCREASE  FROM  COMPARISON  -  FDR  AND  SIMULATION « 


244 


Table  1  -  Comair  Flight  3272 
Comparison  between  the  FOR  and  Simulation 
during  the  airplane  descent  from  8000  to  4500  ft 


■hI 

■m 

■Essni 

■BHI 

0:48:02 

mimm 

190 

-1500 

-1500 

HHHEHHH 

0:52:02 

6300 

177 

-750 

-440 

90 

0:52:52 

5500 

176 

-1000 

-637 

120 

0:53:27 

4800 

165 

-809 

210 

0:53:42 

4500 

170 

-1500 

-896 

230 

(•)  -  Drag  Counts  to  be  added  to  the  simulation  in  order  to  reproduce  the  FDR  Rato  of  Climb 
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4  -  TEST  DEVELOPMENT: 


The  EMB-120  Flight  Simulator  aerodynamic  data  bank  was  modified  to  incoiporate 
the  aerodynamic  coefiBcient  changes  and  the  reduced  aileron  servo  maximum  clutch  torque. 
A  description  of  these  modifications  arc  in  Appendix  2.  The  introduction  or  elimination  of 
those  mc^fications  were  controlled  by  two  logical  variables  that  were  turned  on  and  off  in 
real  time  during  the  test,  one  to  control  the  introduction  of  the  total  aerodynamic  degradation 
and  the  other  to  control  only  the  asymmetry  (rolling  and  yawing  moments).  A  total  of  seven 
parameters  were  available  for  plotting  during  die  tests. 

In  all  cases,  the  airplane  initial  condition  was: 

Weight  =  10,800  Kg  (23,800  lb.)  C.G.  =  30% 

Altitude  =  6,000  ft  Airspeed  =  175  Kias 

Power :  1 1%  Torque,  85%  NP  Rate  of  descent  -  1,500 

Autopilot:  Engaged  in  pitch  and  heading  modes  and  altitude  selected  for  4,000  ft 
Atmosphere:  ISA  -  10  Celsius  Heading  =180  deg 

The  aerodynamic  degradation  and  aileron  servo  maximum  clutch  torque  were 
introduced  from  the  begirming  of  the  test. 

The  simulator  was  flown  with  the  autopilot  engaged  and  the  pitch  was  adjusted  to 
obtain  a  constant  descent  with  1 1%  Torque  and  175  Kias.  The  autopilot  mode  vras  changed 
from  pitch  to  altitude  hold  when  the  appropriate  altitude  for  capture  was  reached.  When 
airspeed  was  reduced  to  1 63  Kias,  the  heading  bug  was  moved  to  090  beading  to  start  the 
left  turn  as  in  the  DFDR,  Depending  upon  the  test  number,  power  was  manually  applied  with 
a  pre-defined  profile  when  the  airspeed  reached  a  predefined  value  or  it  was  kept  in  F.L. 
Seven  predefined  parameters  started  recording  just  prior  to  the  initiation  of  the  left  turn  in 
order  to  record  all  the  events  leading  to  die  upset  or  after  the  iqjset  iqi  to  an  eventual  ground 
impact  or  recovery,  depending  on  the  simulator  flight  and  recovciy  techniques  utilized. 

The  manual  power  increase  was  performed  in  two  steps:  in  the  first  step,  starting 
when  the  airspeed  was  reduced  to  150  Kias  (or  from  145  Kias  iq)  to  160  Kias  for  tests  #1.15 
to  1.19),  the  Torque  was  linearly  increased  in  3  to  4  seconds  to  reach  90%  Right  Torque  and 
80%  Left  Torque  (for  the  asymmetric  power  test  runs)  or  85%  Torque  on  ^  ^  engines  (for 
the  symmetric  power  test  runs).  Power  was  kept  constant  at  those  values  up  to  the  moment 
that  die  second  power  increase  was  called  for.  The  second  power  increase  was  called  to  start 
when  the  roll  angle  reached  around  38°  and  Torque  was  increased  to  140%  on  the  ri^t 
engine  and  107%  on  the  left  (for  the  asymmetric  power  test  runs)  and  to  120%  both 
engines  (for  die  symmetric  power  test  runs).  In  the  test  runs  where  the  bank  angle  never 
reached  38° ,  the  second  power  increase  was  not  made. 
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5  -  LIST  OF  SIMULATOR  RUNS: 


Table  5.1  -  List  of  simulator  runs  including  some  test  results 


Description 


Approach  to  the  upset  with 
degradation  but  no 


Baseline  -  approach  to  the 
upset  with  asymmetric 
degradation 


t  of  1.04 


Repeat  of  1 .04  with  second 
increase 


Repeat  of  1 .06 


Repeat  of  1 .07 


Repeat  of  1.07 


Repeat  1.07  except  recover 
attempt  by  Madureiia  with 
column  FWD 


Repeat  1.07  except  recover 
attempt  by  Len  Magnor  with 
colurrmFWD 


Repeat  of  1.07  to  verify 
Control  Wheel  position 


Target  power 
increase 


80%R-70®/oL 


Power  required  to 
maintain  150  Kias 


90%R-80%L 


90%R-80%L 


90%R- 


90%R- 

140%R 


90%R- 

140%R 


90%R- 

140%R 


90VoR- 

140%R 


90%R- 

140%R 


80%L 


80%L 
-  107yoL 


80%L 
-  107%L 


80%L 
-  107%L 


80%L 
-  107VoL 


80%L 
-  107%L 


90%R-80%L 

140%R-107%L 


90%R-80%L 

140%R-107%L 


Autc^ilot 

Disconnect 


No  upset 


No  upset 


No  upset 


No  upset 


Bank  45 


Upset/Crash 


Noiq>set 


No  upset 


No  upset 


YesyNA 


Yes/NA 


No  upset 


1.13 

-  Start  of  second  day  -  Repeat 
of  1.07  except  power  increase 
applied  too  early 

90%R-80%L 
140%R-  1G7*/.L 

Noi^>set 

Noiq>set 

1.14 

Repeat  of  1.07  (1.13) 

90%R-80*/.L 
140%R-  107y.L 

Shaker 

YaJUA 

1.15 

Repeat  1.14  except  1st  power 
increase  at  155  Kias 

90%R-80%L 

1^0  upset 

Noiq>set 

1.16 

Repeat  1.14  except  1st  power 
increase  at  1 60  Kias 

90%R-80%L 

No  upset 

Noipset 

1.17 

Repeat  1.14  except  1st  power 
increase  at  145  Kias 

90%R-80%L 
140%R  -  107yoL 

Shaker 

Yes/NA 
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Description 


Repeat  i.I8  except  1st  power 
increase  at  ISO  Kias  (synun) 
and  2nd  power  increase  with 
10%  more  on  right  engine 


Engine  power  maintained  at 
Flidit  Idle 


Repeat  1.07  except  aileron 
servo  clutch  torque  at  150  in¬ 
lbs 


Repeat  1 .07  except  manual 
autopilot  disconnection  based 
on  airspeed  indication  (Len 
Magnor  called  A?  disconnect 
vriien  below  150  Kias) 


Repeat  1.23  except  A/P 
disconnection  based  on  bank 
angle  (Len  Magnor  called  AP 
disconnect  when  above  30®) 


Repeat  1.24 


Manual  descent  and  turn  - 
autopilot  ofif.  Power  increase 
to  maintain  150  Kias 


Repeat  1.26 


Repeat  \26  except  the  use  of 
trim  to  reduce  forces 


Recoveiy  attempt  with 
column  FWD  -  asymmetry  on 


Recovery  attempt  with 
column  AFT  •  asymmetry  on 
-  Test  aborted  due  to  printer 
fiulure 


Recovery  atteiiq>t  with 
colurrm  AFT  -  asymmetry  on 
•  Power  was  not  reduced  after 


Target  power 
increase 

Autc^ilot 

Disconnect 

Upset/Crash 

85%R-  85%L 

No  upset 

Noiret 

8S*/iR-8SV.L 
120%R-  120%L 

Shaker 

Yes/NA 

85%R-85%L 

95y.R-85%L 

No  iq>set 

Noiq>set 

F.I-F.I 

Shaker 

Yes/NA 

90%R.80%L 

No  upset 

Noiq)set 

90%R-80%L 
140%R-  107%L 

Manual 

disconnection 

No  upset 

90%R-80%L  Manual 

140%R  -  107%L  disconnection 


90%R-80%L  Manual 

140%R-107%L  disconnection 


Power  to  maintain  No  autopilot 
150  Kias 


Power  to  maintain 
150  Kias 


Power  to  maintain 
150  Kias 


90%R.80%L 
140%R-  107%L 


90%R-80%L 
140%R-  107%L 


90%R-80%L 

140%R-107%L 


No  aiUopilot 


No  autopilot 


No  iq>set 
(Alx^ed) 


Yes/No 


Noiq>set 

(Abetted) 


Yes/Yes 
(Roched  Vmo- 
SimuUtor 
Freeze) 
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Test# 

Description 

Target  power 
increase 

2.04 

Recovery  attempt  with 
column  AFT  -  asymmetry  on 
-  power  reduced  after  i^set 

90%R-80%L 
140%R.  107%L 

2.05 

Recovery  attempt  with 
column  FWD  -  asymmetry' 
removed  just  after  the  upset 

90%R-80%L 
140%R-  107%L 

2.06 

Recover  attempt  with  column 
AFT  -  asymmetry  removed 
just  after  die  upset 

90%R.80%L 
140%R-  107%L 

2.07 

Recovery  attempt  with 
column  AFT  -  asymmetry  on 

90y.R-80»/.L 
140%R-  107%L 

Autopilot  Upset/Crash 
Disconnect 


Shaker 


Yes/No 


Yes/No 


Yes/Yes 
(Ground  impict) 


6- TEST  RESULTS: 

The  test  results  are  presented  in  Tables  6.1,  6.2  and  in  Appendix  3  and5^  Table  6.1 
presents  the  recorded  parameters  values  just  prior  to  the  iq>set  for  all  tests  in  which  an  upset 
was  observed. 

Table  6.2  presents  the  NTSB  Performance  Group  comments  for  each  run,  including  some 
parameters  values  that  were  visually  observed  during  the  runs.  Table  5.1  also  summarizes 
some  test  results  regarding  the  autopilot  disconnect,  i^>set  occurrence  power  increase  and 
others. 

Appendix  3  presents  a  comparison  between  the  simulator  run  #  2.04  and  the  DFDR. 
Appendix  ^presents  the  graphic  plots  for  the  recorded  parameters  during  the  runs. 

Table  6.1  -  Parameter  values  just  prior  to  the  upset 


LTQfflTQ  LTQ/RTQ  VC  Btvator 

W  (%) 

(IstlncrMM)  (2ndlncruM)  (KCAS)  (Dag)  I  (Dtg 


56/69.2 


43.6/62 


S1Z/60 


54.6/62 


54.4/66 


56.4/71.6 


28.4/58 


64/86 


night  Ma 


58.6/60 


52.8/64.8 


56/80 


56  /  78.8 


64/83.2 


64/80 


73/86 


66/107 


92/114 


62/103 


96/130 


96/124 


64/90 


NO 


nV9Ma 


76/104 


92/112 


82/106 


96/122 


90/112 


90/126 


C^)  -  EBA  =  Excessive  Bank  Angle  A/P  disconnection  ;  SH  ^  Shaker  disconnection 
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Table  6.2  -  Performance  Group  Comments 


TEST 

COMMENTS 

1.01 

first  asynunethc  power  increase  at  150  kts;  accelerated  through  175  kts;  aircraft  rolled 
out  at  090  normally 

1.02 

power  application  required  to  maintain  150  kts;  (40%  torque  max  required);  airspeed 
increased  to  160  kts 

1.03 

80/90%  torque  q>plied  L  &  R  at  ISO  kts;  achieved  152  kts  in  turn;  normal  roll  (nit  wiA 
no  upset 

1.04 

first  asymmetric  power  increase  to  8C  >0%  only;  AP  disconnect  due  to  excessive  bank; 
two  chimes  before  shaker 

1.05 

repeat  of  1.04;  AP  disconnect  two  chimes  before  shaker 

two  asymmetric  power  increases  (targeted  107/120%  +  L&R);  no  upset  (noted  anomalies 
durinj^run) 

1.07 

repeat  of  1.06;  upset  due  to  AP  disconnect  for  excessive  bank;  shaker  after  AP 
disconnect 

1.08 

repeat  of  1.07;  AP  disconnect  due  to  roil  with  no  shaker 

1.09 

repeat  of  1.07;  AP  disconnect  due  to  roll  with  shaker  after 

1.10 

repeat  of  1 .07  with  recovery  attempt;  AP  disconnect  due  to  excessive  bank,  with  no 
shaker  after  upset;  column  forward  and  30%  rudder  during  recovery  approximately  with 
throttles  to  idle  immediately,  no  pitch  trim  was  used,  right  control  wheel  iiq>ut;  recovery 
initiated  at  1 10  degrees  left  bank;  fnavimiim  observed  left  bank  during  recovery  was 
about  140  deg.;  lost  1900  ft  during  recovery 

1.11 

repeat  of  1 . 10  with  Lcn  Magnor  flying  recovery;  AP  disconnect  due  to  bank  with  shaker 
after;  aileron  forces  required  for  recovery  were  expected  (normal),  but  force  required  for 
column  forward  iq)prox  30*50%  higher  than  what  would  be  expected  by  "line  pilot" 
according  to  Len  Magnor's  opinion;  no  pitch  trim  was  used  during  recovery;  lost 
approximately  1400  feet  in  recovery 

1.12 

repeat  of  1 . 1 1  to  check  control  wheel  travel  at  upset;  control  wheel  deflected  approx 
'  same  amount  to  left  after  upset  as  before 

1.13 

:  (Date:  1/7/98)  repeat  of  1.07,  baseline  upset  maneuver,  no  upset 

1.14 

lepeat  of  1.07;  shaker  caused  AP  disconnect;  appeared  to  input  power  sli^dy  slower 
with  less  total  torque  at  the  end 

1.15 

repeat  of  1.07  except  asymmetric  power  at  1 55  kts;  first  powo*  increase  only  (second  not 
required);  never  went  below  150  kts  or  30  degrees  of  bank;  no  iq>set 

1.16 

repeat  1.07  except  asymmetric  power  at  160  kts;  no  upset;  nevo’  went  below  160  kts; 
accelerated  to  180  kts;  rolled  out  nonnally  at  HDG  090 

1.17 

repeat  1.07  except  asym  power  at  145  kts;  AP  disconnect  due  to  shaker;  rapid  upset 

1.18 

repeat  of  1.07  except  symmetric  power  at  ISO  kts  to  85%  Uxque;  minimum  airspeed  was 
146  kts;  maximum  bank  was  30  degrees;  no  upset 

1.19 

repeat  1 .07  except  symmetric  power  at  145  kts;  shaker  disconnect  at  33  degrees  roll 

1.20 

repeat  1.07  except  symmetric  power  at  150  kts  to  85%;  at  30  degree  bank  angle,  added 

RT  torque  to  95%;  no  upset 

1.21 

flight  idle  to  shaker  and  AP  disconnect;  disconnected  at  30  degree  bank;  minimum  speed 
134  kts 
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1.22 

repeat  of  1.07  (baseline  DFDR  profile)  with  150  in-lb  limit  on  aileron  servo;  maximum 
bank  27  degrees;  no  heed  for  second  power  increase;  no  upset 

1.23 

baseline  DFDR  profile,  but  Len  called  for  disconnect  of  AP  "airspeed"  below  1 50  kts ; 
manual  AP  disconnect ;  during  recovery,  went  to  60%  torque  and  rolled  out  early  (ie;  not 
at  090  HDG  due  to  pilot  misunderstanding  );  no  upset 

1.24 

repeat  of  1.23  but  Len  called  for  disconnect  of  AP  when  excessive  bank  at  30  degrees; 
manual  AP  disconnect;  during  recovery  got  shaker;  continued  to  090  HDG;  didn't  apply 
power  Immediately  during  recovery;  difficulty  in  maintaining  bank  angle  due  to  high 
aileron  forces,  but  no  aileron  trim  was  used;  no  upset 

1.25 

repeat  of  1.24;  shaker  after  manual  disconnect,  max  bank  angle  45  degrees;  no  upset 

1.26 

manual  descent  and  turn;  target  power  application  to  maintain  150  kts;  got  shaker; 
difiicult  to  control  and  maneuver,  but  no  aileron  trim  was  used;  didn't  roll  out  till  HDG 

030 

1.27 

repeat  of  1.26;  rolled  out  at  HDG  090;  no  shaker;  minimum  airspeed  138;  bank  angle  did 
not  exceed  30  degrees 

1.28 

1  repeat  of  1.26,  except  used  trim  to  reduce  forces  during  turn 

2.01 

baseline  DFDR  entry  to  iq)set  with  column  forward  recovery  and  lift  asymmetry  left  in 
^  after  upset;  AP  discormect  due  to  bank  angle;  lost  3100  feet  in  recovery 

2.02 

no  upset,  no  print;  ABORTED 

2.03 

baseline  DPDR  entry  to  upset  with  column  aft  recovery  and  lift  asymmetry  left  in  after 
upset;  during  recovery,  didn't  pull  power  back;  simulator  fieeze  due  to  exceeding  Vmo. 

2.04 

repeat  of  2.03;  AP  discormect  due  to  shaker  close  to  45  degree  bank;  lost  3200  feet  in 
recovery 

2.05 

column  forward  recovery  with  lift  asymmetry  removed  after  upset;  AP  discormect  due  to 
excessive  bank  angle;  lost  900  feet  in  recovery 

2.06 

repeat  of  2.05  with  column  aft  recovery;  AP  disconnect  due  to  bank  angle;  got  pusher 
twice  during  recovery;  lost  500  feet  in  recovery 

2.07 

repeat  of  2.03;  AP  discormect  due  to  bank  angle;  got  shaker  and  2  or  3  pushers;  airspeed 
up  to  230  KIAS;  airplane  crashed  (unsuccessful  recovery) 

7 -CONCLUSIONS: 

The  simulator  runs  were  performed  according  to  the  schedule  and  the  agreed  test 
plan.  Some  tests  needed  to  be  repeated  due  to  printer  problems  and  a  few  tests  ;were  not 
properly  docummted  for  the  same  reason  (printouts  not  ccm^lete). 

In  some  tests  the  autopilot  disconnection  was  due  to  the  sbsktr  and  others  due  to  the 
excessive  bank  angle.  The  power  increase  in  profile  and  timing  was  very  ina^rtant  on  the  § 

response  of  the  airplane.  A  small  lead  or  lag  in  the  initiation  of  power  application  could  § 

result  in  not  matching  the  DFDR  prior  to  the  upset,  or  no  vpstt.  For  example,  in  test  1.13,  ^ 

the  power  increase  was  made  slightly  earlier  than  the  DFDR  increase,  whi^  resulted  in  no 
upset.  If  power  was  applied  when  airspeed  was  at  155  Kias  and  160  Kias,  no  upset  was 
observed.  If  power  was  applied  symmetrically,  no  upset  was  also  observed. 

During  the  attempted  recoveries,  use  of  column  forward  always  resulted  in  a 
successful  recovery .  o 
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Icing  Branch 
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NTSB/Embraer  Wing  Test 
Model;  EmbraerWing 

Data;  Ice  shape  traongs,  photos,  wake  probe 

Assume  running  5PM  to  1 1PM,  with  3/4  hour  per  run 
So.  we  can  get  in  8  runs  per  night 


Run# 

A/S  (knots) 

1 

1 

AOA  (deg) 

LWC 

MVD 

Pair 

1 

172 

2 

172 

30 

5 

06 

20 

37 

3 

172 

30 

5 

0.6 

40 

19 

4 

172 

30 

5 

0.52 

40 

10 

5 

172 

30 

5 

0.58 

70 

6.2 

6 

172 

30 

7 

0.8 

20 

37 

7 

172 

30 

7 

0.8 

40 

19 

a 

172 

30 

7 

0.52 

40 

10 

9 

172 

30 

7 

0.5B 

70 

8.2 

10 

172 

11 

172 

12 

172 

30 

3 

0.8 

20 

37 

13 

172 

30 

3 

0.8 

40 

19 

14 

172 

30 

3 

0.52 

40 

10 

15 

172 

30 

3 

0.58 

70 

8.2 

16 

172 

31 

5 

0.6 

20 

37 

17 

172 

31 

5 

06 

40 

19 

18 

172 
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Resultant  Ice  Shapes 
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transition  when  located  at  5  per  cent  of  the  chord  with  its  axis  normal 
to  the  surface"  is  shown  in  Fig.  74.  These  data  were  obtained  at  rather  low 


Flo,  73.  Companion  of  the  aerodynamic  characteristica  of  aome  NACA  airfoila  from  teata 
in  ihe  Langley  two-duaeoaional  low-turbulence  preaaure  tunnel. 

values  of  the  Reynolds  number  and  show  a  large  decrease  of  the  allowable 
height  with  increase  of  Reynolds  number. 

Analysis"  of  these  data  showed  that  the  height  of  the  protuberance 
ilmt  caused  transition  depended  on  the  shape  of  the  protuberance  and  on 
the  Reynolds  number  based  on  the  height  of  the  protuberance  and  the  local 


velocity  at  the  top  of  the  protuberance.  This  Reynolds  number  is  plotted 
against  the  fineness  ratio  of  the  protuberance  in  Fig.  75  for  protuberances 
located  at  various  chordwise  positions  on  two  wing  sections. 


The  effect  of  Reynolds  number  on  permissible  surface  roughness’  is  also 
indicated  in  Fig.  76,  in  which  a  sharp  increase  of  drag  at  a  Reynolds  number 
of  approximately  20  million  occurs  for  the  model  painted  with  camouflage 
lacquer.  Experiments  with  models  finished  with  camouflage  paint”  in* 
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FAA/Univ  of  Illinois  Wind  Tunnel  Data 
NACA  23012  Airfoil  with  Aileron  Deflection 
Aileron  Hinge  Moment  Coefficient 
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APPENDIX  G— EMBRAER  ICING  GUIDANCE/PROCEDURES 


•^EMBRAER 

-  Bvd20BpaidIia 

OPERATIONAL  BULLETIN 


O.B.  N*:  120-0C2/K 
DATE  :  Apr  12.  H 


I  -  DOCUMENT  EFFECTIVITY:  ALL  EMB  120  A/C 


This  bulletin  is  issued  by  EMBRAER  as  the  need  arises  to  quickly  transmit  technical  and 
operational  information.  It  is  distributed  to  EMB*120  BRASILIA  operators  and  to  any 
personnel  who  need  early  advice  of  this  information. 

The  matter  published  in  this  bulletin  may  not  be  approved  by  Airworthiness  Authorities  at 
the  time  of  issuing.  In  the  event  of  conflict  with  the  approved  publication  (  AFM,  WB, 
MMEL,  or  CDL)  the  approved  information  shall  prevail. 


II  -  SUBJECT:  OPERATION  IN  ICING  CONDITIONS 
III -REASON: 


To  provide  information  and  recommendations  regarding  the  aircraft  operation  in  icing 
conditions. 


IV  -  BACKGROUND  INFORMATION: 


In  October  1994,  a  transport  category  aircraft  was  involved  in  an  accident  v^ich  resuKed  from 
an  in-flight  loss  of  control  and  a  subsequent  dive  until  the  aircraft  crashed  into  the  ground. 
Although  the  investigation  has  not  yet  made  a  finding  of  the  probable  cause  of  the  accident, 
the  in-flight  loss  of  control  of  the  aircraft  is  suspected  to  have  been  caused  by  ice  accretion  on 
the  upper  surface  of  the  wing  aft  of  the  protected  *area  which  resulted  in  airflow  separation  and 
abnormal  aileron  force  necessary  :o  maintain  coordinated  flight  It  was  noted  that  weather  at 
the  time  of  the  accident  involved  atmospheric  conditions  outside  the  idng  envelope  specified  in 
Appendix  C  of  part  25  of  the  Federal  Aviation  Regulaticns  (14  CFR  part  25)  used  for 
cenclcaticr  of  the  aircraft.  Suer,  atmospheric  conditiens.  inveiving  freezing  rain  and  freezing 
drizzle,  are  referred  tc  as  supe*ccc.ed  iarge  droplets  (SLD)  and  are  also  described  as  severe 
icing.  SLD  condition  is  not  accressed  in  the  appendix  C  and  the  FAA  has  not  required  that 
aircraft  demonstrate  the  capabiiity  cf  safely  flying  in  those  icing  conditions. 
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Since  the  potentially  unsafe  condition  of  flying  In  severe  Icing  conditions  outside  of  the 
envelope  for  which  the  aircraft  is  certified  is  not  limited  to  the  type  of  aircraft  that  was  Involved 
in  the  accident,  EMBRAER  was  required  to  conduct  a  series  of  tests  to  evaluate  the  roll 
control  characteristics  of  the  EMB-120  while  flying  in  SLD  conditions. 

Dtaing  these  tests,  the  EMB-120  was  operated  In  a  spray  of  supercooled  water  droplets 
generated  by  an  Icing  tanker  simulating  the  typical  SLD  environment  The  results  of  the  tests 
slowed  for  the  determination  of  aircraft  specific  visual  cues  which  can  be  used  by  flight  crews 
to  identify  when  the  aircraft  Is  operating  in  i^  conditions  for  which  the  akcrafl  has  not  been 
certified.  In  addition,  these  tests  allowed  for  the  defir  ..  realistic  representation  of  the  Ice 
shapes.  In  terms  of  thickness,  width  and  pattern  on  the  wing,  that  could  occur  in  flight  These 
ice  shapes  were  then  reproduced  artrficiatty  and  extensive  tests  were  flown  in  dry  air  to  assess 
the  handling  qualities  of  the  aircraft. 

Results  of  these  tests,  as  well  as  the  related  procedures  durirrg  operation  In  freezing 
rainrireezing  drtale  are  included  herein.  EMBRAER  highly  recommends  that  this  document  be 
distributed  to  all  personnel  involved  vrith  flight  operations  within  operators'  organizational 
structure. 
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a  degradation  of  the  (light  qualities. 

•  Aircraft  operation  in  SLD  conditions  with  autopilot  engaged  was  found  to  be  adequate 
under  the  conditions  tested. 

•  Operational  recommendation  when  (lying  in  SLO  conditions: 

-  Minimum  icing  speed  is  160  kt,  which  must  be  increased  if  buffet  appears. 

-  Use  of  the  autopilot  HOG  and  H  ^  modes  while  (lying  in  idng  conditions. 

-  Increased  airspeed  on  final  approach:  Vref  5  kt  plus  A  gust 


All  tests  conducted  In  relation  to  the  SLD  conditions  were  net  targeted  at  eudfying  the 
aircraft  to  fly  under  these  conditions.  The  EMB-120  Is  sttll  not  approved  for  flight  In 
freezing  rain  and  freezing  drizzle.  Upon  recognizing  SLD  conditions  In  flight,  per  visual 
cues  as  stated  In  SLD  CONDITIONS  VISUAL  CUES”,  (he  crew  must  take  Immediate 
action  to  leave  the  SLD  condition  as  seen  as  possible. _ 


Monitoring  ice  Formation 


Monitoring  of  ice  starts  on  ground.  Contamination  on  ground  may  be  caused  by  falling 
snow  (wet  or  dry),  slush  or  frost.  Frost  or  ice  can  form  following  a  cold  soaked  period  at 
altitude  or  overnight  at  the  ramp.  If  it  rains  on  a  cold-soaked  wing,  clear  ice,  difficult  to  detect, 
can  form.  Frost  often  occurs  on  wing  lower  surface  as  a  result  of  humidity  which  condenses 
and  freezes  on  the  wing  surfaces  where  fuel  is  at  0  degrees  C  or  colder.  Some  conditions, 
such  as  freezing  rain,  freezing  fog  or  high  humidity  can  cause  a  kind  of  frost  or  tee  that  is  also 
difficult  to  detect.  While  on  ground,  the  rule  is  obvious:  never  takeoff  with  snow  or  ice 
adhering  to  any  part  of  the  aircraft 

The  only  way  to  ensure  that  wings,  control  surfaces  and  propellers  are  free  from  ice  is  through 
dose  visual  inspection  prior  to  takeoff.  At  intermediate  stops,  an  external  walk  around  is 
necessary  because  of  the  possibility  of  ice  reforming  after  landing. 

In  addition  to  a  visual  inspection,  touching  the  ice  accretion  may  provide  additional  cues 
regarding  Ice  thickness  and  roughness.  Do  not  touch  the  surfaces  with  bare  hands,  as  the 
skin  may  stick  to  a  freezing  surface. 

Ice  should  be  prevented  and  avoided.  Before  taking  off.  every  pilot  should  analyze  the 
weather  situation  contained  in  weather  oriefincs  from  a  flight  service  station  or  an  authorized 
aviation  meteorological  source.  Also  pa;  special  attent.on  to  pilots  reports  (PIREPS)  of  ice  (or 
no  ice)  along  the  intended  route  of  flight 
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in  flight,  Ice  monitoring  starts  when  the  outside  air  temperature  is  near  freezing.  Closely 
monitor  the  temperature  Indicator  so  that,  when  moisture  is  preserrt,  a  look  at  the  windshield, 
windshield  wipers,  engine  air  inlets,  spinner,  and  wing  leading  edge  will  tell  you  if  ice  is 
starting  to  accumulate.  During  climb  and  descent,  watch  the  temperature  Micator  for  any 
temperature  inversion.  Listening  to  tfve  SIGMETS  may  also  help  in  determining  if  ice 
conditions  exists  outside  of  the  aircraft. 

When  ice  starts  to  build  up,  check  the  type  and  build-up  rate  to  determine  flve  severity  of  the 
ice  encountered.  If  it  is  rough  and  milky,  it  is  rime  ice.  If  it  is  dear  and  hom-shaped,  it  Is  tt>e 
glaze  ice.  If  the  ice  buiid-up  is  slow,  you  may  be  flying  in  a  stratus  doud,  and  its  horizontal 
extent  may  cause  a  large  ice  accumulation.  Anottier  due  comes  from  the  size  of  frie  water 
droplets  (that  you  can  see  at  night  by  turning  on  the  landing  fights)  -  smafi  droplets,  usually 
found  in  stratus  doud,  tend  to  form  rime  ice.  At  night,  turn  on  wing  inspection  fights  to  assist  in 
defining  rate  and  type  of  ice  accumulation. 

Another  tool  that  can  be  used  to  alert  the  crew  to  the  presence  of  ice  through  performance 
changes.  Airspeed  decreases  as  a  result  of  the  increased  drag.  The  pitch  angle  may  be 
higher  than  normal  to  maintain  a  given  altitude. 

After  the  corxfition  of  ice  is  evaluated,  develop  a  plan  based  on  the  facts.  Do  not  hesitate  to 
leave  the  icing  conditions  if  necessary.  Make  the  air  traffic  controller  aware  of  the  current 
situation  and  that  you  may  be  requesting  altitude  changes  or  expeditious  handling  due  to  idng 
conditions. 

Heavy  or  severe  ice  is  defined  as  that  situation  where  the  rate  of  ice  accumulation  is  such  that 
the  deicing  or  anti-icing  equipment  fails  to  reduce  or  control  the  hazard.  Continuously  monitor 
the  leading  edge  de-icers  on  the  wing,  observing  the  remaining  ice  between  two  consecutive 
cydes.  It  is  characteristic  of  pneumatic  deicing  system  that  all  the  ice  accretion  cannot  be 
eliminated  because  of  the  continues  accretion  between  the  cycles. 
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Operation  in  Icing  Conditions 

The  proeedures  for  operation  in  NORMAL  icing  conditions  are  specified  in  the 
approved  AFM.  The  aircraft  has  demonstrated  that  flight  in  icing  requires  no  special 
procedures  beyond  those  already  contained  in  the  manual.  Such  procedures  are  re¬ 
stated  and  reinforced  In  this  document  to  provide  pilots  with  a  clear  understanding  of 
the  procedures  and  recommendations. 

During  the  icing  test  series,  the  aircraft  demonstrated  nominal  control  response  even 
when  flying  in  SLD  conditions.  As  such,  the  proeedures  to  be  used  under  those 
conditions  do  not  differ  significantly  from  that  of  the  normal  icing.  The  proeedures  are 
presented  here  in  a  checklist  fomiat  as  a  memory  aid. 

All  procedures  and  speeds  presented  herein  must  be  applied  as  long  as  Ice  is  adhering 
to  the  aircraft  After  the  aircraft  is  free  of  ice,  normal  operation  should  be  resumed. 


Flight  in  Normal  Icing  Conditions 


External  Safety  Inspection 

Operating  regulations  (FAR  91.209)  clearly  state  that  no  pilot  may  takeoff  an  aircraft  that  is 
contaminated  by  frost,  snow  or  Ice.  Regarding  the  air  carriers  (FAR  121.629),  the  regulations 
are  very  specific  about  whether  and  how  aircraft  can  operate  in  icing  cof>dltions. 

The  ground  check  should  follow  the  EXTERNAL  SAFETY  INSPECTION  contained  In  the 
approved  AFM.  vrith  special  emphasis  on  the  surfaces  that  may  collect  ice:  wing  and  leading 
edge,  horizontal  stabilizer  upper  and  lower  surfaces  and  leading  edge,  rudder  and  vertical 
stabilizer,  fuselage,  Pitot/AOA/TAT  probes,  static  ports:  antennas,  all  intakes  and  outlets, 
landing  gear  and  wheel  well,  and  engine. 

When  the  aircraft  is  contaminated,  application  of  deicing  or  anti-icing  fluid,  or  both,  may  be 
required.  While  deicing  removes  the  contamination,  anti-icing  prevents  the  accumulation  for 
certain  period  of  time. 

Tests  were  performed  to  assure  no  performance  or  handHng  degradation  due  to  fluid 
application.  Approved  deice/anti-ice  fluids  for  the  EMB-120  are  stated  in  Operational  Bulletin 
120-004/93. 

Ensure  that  the  aircraft  is  clean  before  takeoff,  by  checking  ’^at  critical  areas  have  been 
properly  deiced  and  anti-iced.  If  any  ice  or  snow  has  accumulated,  do  not  assume  It  will  blew 
off  during  takeoff  roll.  Try  to  minimize  the  time  between  fluic  application  and  the  start  of 
takeoff  roil.  Charted  holdover  times  for  de-ice  and  anti-ice  oroducts  should  be  viewed 
conservatively  Holdover  times  can  be  significantly  reduced  due  to  many  factors  influencing 
fluid  effeciive.^ess.  If  contamination  is  building  up.  or  :ne  holccver  time  expires,  do  a  pre¬ 
takeoff  contamination  check  and  if  necessary  go  back  for  one  arcther  fluid  application. 
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After  Engine  Starting/Takeoff 

If  ice  is  forecast,  ice  protection  systems  must  be  tested  accorcfing  to  the  procedures 
prescnbed  in  the  approved  AFM.  After  testing  is  concluded,  leave  the  protection  systems  on  if 
the  takeoff  will  be  performed  in  idng  conditions.  Never  leave  the  ground  in  known  or  forecast 
idng  conditions  with  any  ice  protection  system  inoperative. 

Takeoff  procedures  and  speeds  contained  in  the  approved  AFM  remain  unchanged. 

To  avoid  the  risk  of  engine  malfunction  during  takeoff  run  due  to  ingestion  of  contaminants, 
turn  engine  ignition  on  prior  to  setting  takeoff  power.  Takeoff  should  be  performed  using  ttw 
static  takeoff  technique:  apply  takeoff  power  before  releasing  brakes.  Check  that  engine  imits 
are  not  exceeded. 

Climb/Cruise 

Monitor  ice  continuously  during  climb/cruise.  At  the  first  sign  of  ice  formation,  turn  all  Ice 
protection  systems  on. 

Manual  climb  (autopilot  off)  Is  Initiated  at  a  speed  not  less  ff^an  160  KIAS,  at  a  constant  pitch 
angle  and  climb  power  setting.  When  reaching  160  KIAS,  pitch  should  be  reduced  in  order  to 
maintain  that  speed. 

To  climb  with  autopilot  on,  trim  the  aircraft  with  climb  power  and  at  least  170  KIAS.  Then 
engage  autopilot  and  select  IAS  mode  to  maintain  the  minimum  required  speed.  Avoid  the  use 
of  pitch  hold  for  climb. 

CLIMB  mode,  mainly  on  those  MOD  67G  autopilots  with  155  KIAS  climb  speed,  is  not 
recommended.  Instead,  use  IAS  mode  at  170  KIAS.  With  AP  engaged,  use  HDG  and  !4  0 
bank  mode. 

Continuously  monitor  airspeed  and  autopilot  operation.  Be  alert  for  mistrimmed  condition  that 
may  be  masked  by  the  autopilot.  Periodically  disengage  the  autopilot  and  check  trims  -  keep 
the  aircraft  trimmed  all  the  time. 

With  autopilot  on  or  off,  increase  airspeed  if  buffet  onsets. 

Upon  attaining  the  desired  flight  altitude,  accelerate  with  dimb  power  until  the  aircraft  reaches 
the  desired  cruise  speed.  Then  set  cruise  power. 

During  dimb/cruise,  maintain  NH  above  80%  for  proper  ooeration  of  the  ice  protection 
systems.  Also  observe  the  NP  established  by  performance  recuirements  during  dimb,  which 
may  be  either  100  or  90%.  Propeller  vibration  may  occur  due  to  ice  accumulation  on  the 
blades.  Cycling  the  propeller  RPM  may  aid  in  shedding  ice  from  the  blades. 
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Descent/Holding/Landing 

Descent  in  icing  conditions  is  normally  accomplished  by  selecting  DSC  mode  on  the  FD 
control  panel,  /^peed  is  not  a  problem  as  it  will  be  close  to  VMO.  HDG  mode  and  X  0  are 
still  recommended.  Keep  the  aircraft  trimmed  all  the  time. 

Observe  the  holding  procedures  contained  in  the  approved  AFM.  Flaps  up,  minimum  NP  is  85 
%.  Minimum  airspeed  is  160  KIAS,  which  must  be  increased  if  aerodynamic  buffeting  occurs. 
Apply  a  minimum  5  kt  increase  plus  A  gust  to  the  approach  and  landing  speeds  to 
compensate  for  the  ice  effect  In  addition,  refer  to  the  landing  performance  charts  and  apply 
the  gradientAMeight  increments  as  required. 

Should  a  failure  occur  in  any  deice  or  anti-ice  equipment  the  appropriated  procedures  can  be 
found  in  the  ABNORMAL  PROCEDURES  SECTION  of  the  Airplane  Right  Manual.  Refer  to 
these  procedures  and  apply  the  necessary  corrections  to  speeds  and  use  the  correct  flap 
setting  for  landing. 
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Flight  in  SLD  Conditions 

I  Prior  to  departure,  a  thorough  study  of  the  weather  condition  is  required.  If  weather  reports  or 
j forecasts  indicate  the  possibility  of  freezing  rain  or  drizzle  along  the  route  of  flight,  serious 
consideration  should  be  given  to  alternate  routing  to  avoid  the  forecast  areas  and  attitudes 
I  should  be  chosen  to  avoid  the  temperature  ranges  conducive  to  SLD  conditions.  Formulate 
contingency  plans  ahead  of  time  in  the  ever/  you  should  inadvertently  encounter  SLD 
I  conditions. 

Tests  with  simulated  ice  shapes  foilov^ng  the  icing  tanker  flights  has  demonstrated  the 
satisfactory  handling  characteristics  of  the  EMB-120  aircraft  under  freezing  rain  and 
freezing  drizzle  conditions.  Airplane  handling  was  demonstrated  to  be  adequate  for 
safe  operation.  Aileron  control  forces  are  somewhat  increased,  but  still  are  well  within 
the  normal  certification  limited  values.  Autopilot  operation  in  SLD  conditions  vras 
found  to  be  adequate  for  safe  operation  of  the  aircraft 

Nevertheless,  the  EMB-120  is  NOT  certificated  for  continued  flight  into  SLD  conditions. 
Visual  cues  to  recognize  SLD  conditions  are  stated  under  the  ‘‘SLD  CONDITION 
VISUAL  CUES'’  heading. 

While  flying  in  icing  conditions,  continuously  monitor  the  wing  boots  for  ridge  | 
development  aft  of  the  last  inflatable  rib.  If  ridges  are  developing,  confirm  the  condition 
by  checking  for  ice  formation  on  the  spinner  in  the  blade  root  area.  If  SLD  conditions 
are  confirmed,  you  are  operating  outside  the  certified  aircraft  envelope  and  must 
depart  icing  conditions  Immediately. 

Should  the  aircraft  inadvertently  encounter  SLD  conditions,  the  following  procedures 


apply: 

•  Gear . UP 

•  Flaps . UP 


In  icing  conditions,  use  of  flaps  Is  restricted  to  Ukeoff,  approach  and  landing  only. 
When  the  flaps  have  been  extended  for  approach  and  landing,  they  may  not  be 
retracted  unless  the  upper  surface  of  the  wing  aft  of  the  protected  area  is  clear  of 
ice,  or  unless  flap  retraction  Is  essential  for  go-around. 

•  Airspeed . 160  Ki AS  MINIMUM. 

If  buffet  onset  occurs,  increase  airspeed  until  buffet  subsides. 

•  Autopilot . AS  REQUIRED. 

With  AP  engaged,  .use  HDG  and  %  0.  Disengage  autopilot  If  you  suspect  or  observe 
abnormal  operation.  When  disengaging  autopilot,  hold  control  column  firmly  to 
prevent  roll  excursion  resulting  from  an  out-of*trim  condition  that  may  have  been 
masked  by  the  autopilot  Retrim  the  aircraft  if  necessary. 

•  Leave  and  avoid  SLD  conditions. 

•  Avoid  excessive  and  abrupt  roll  maneuvering  which  can  lead  to  wing  tip  stall. 
Landing  after  or  during  SLD  conditions: 


•  Gear . DOWN 

•  Flaps . 45  or  25® 

•  Landing  Speed . V;^S45  kt  plus  A  gust 


•  Touchdown  with  normal  flare  technique,  delaying  power  reduction  until  just  before 
touchdown.  _ _ 
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OPERATION  IN  ICING  CONDITIONS 


NtWMALPBOCeOOHES 


When  flying  into  known  or  forecast  icing  conditions,  proceed: 


IGNITION  Switches 


Ice  Protection  System 

The  ice  protection  system  should  be  turned  on  as  fdOows: 


..  ON 

.  TURN  ON  AS  REQUIRED 


-  AOA  TAT  end  SUP:  before  flying  into  known  king  conditions. 

-  Propeaer:beforeflyinointoknownicingoon(ftionsor8tthefii«signoflceforiTiation. 

-  Engine  sir  inlet  and  windshield:  at  the  first  sign  of  ke  formation. 

-  Wing  and  tail  leading  edges:  when  ke  accumulation  is  1/4' to  1/2 


Holding  configuration: 

Landing  Gear  Lever _ _ 

Flap  SeT^r  Lever . 

Airspeed  — 

Np  .. 


UP 

UP 

160  KIAS  MINIMUM 
86%  MINIMUM 


To  eliminate  propeller  vibrations,  irtcrease  Np  as  required. 


NOTE :  For  approach  procedures  in  known  or  forecast  king  conditions,  increase  the  airspeed  by  5  up 
to  10  KIAS  until  the  short  final. 


-  OPERATION  IN  KING  CONWTIONSCHECKUST  COMPLETED  - 
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OPERATION  IN  lONG  CONDITIONS 


Wii^n  iiyinQ  vibD  lui^nAfn  or  towicbsi  icinQ  coMonuonSt  |VwdFOCi« 

IGNITION  Switches _ _ _ ON 

he  Praucikm  System - - - TURN  ON  AS  REQUIBEO 

The  ice  praitectlon  system  should  be  turned  on  es  fellows; 

-  AOA,  TAT  end  SUP:  befeie  Ryine  into  known  idno  oondidofa. 

-  Piopeller:  before  flying  into  Inown  IcinQ  conditions  or  et  the  first  Bign  of  ice  fermetion. 

-  Wing  end  feeding  edges,  engine  eir  Wet  end  winddeeld:  et  the  fbst  sign  of  toe 
femnstion. 


Holdino  ennfiguration; 

lending  Geer  Lever _ _ _ ........  UP 

Rep  Selector  Lsver . . . .  UP 

Airspeed _ _ _ _ _ _  160  KIAS  MINIMUM 

Np _ _ _ _ _ _ _ _  85%  MINIMUM 

To  eTiminste  propeller  vfarstions,  ineiesse  Np  ss  required. 


NOTE;  For  epprosch  procedures  in  known  orforeesst  icing  conditions,  tneresse  thedispeed  by  6  up 
to  10  KIAS  until  the  short  final. 


-  OPERATION  IN  lONG  CONDITIONS  CKECKUST  COMPLETED  - 
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FLIGHT  CREW 


-  Required  Right  Cr«w 


Pilot  end  Copilot 


KINDS  OF  OPERATION 

The  eitplene  is  certificsted  in  the  transport  cetegory  (pessengers  end  cargo),  in  the  following 
conditions,  both  day  and  night  when  the  appropriate  aquiprMnt  WYl  instrurnwiB  raqdred  by  the 
airworthiness  and  operating  regulations  ara  approved,  installed  and  in  an  operabie  condition: 

-  Visual  (VFR); 

-  Instrument  (IPR); 

-  king  Corxfitions. 

In  king  conditions,  use  of  flaps  is  restricted  to  takeoff,  approach,  and  landing  only.  When  the  flaps 
have  been  extended  for  approach  or  landing,  they  may  not  be  retracted  unless  the  upper  surface 
of  the  wing  aft  of  the  protected  erea  is  deer  of  ke,  or  unless  flap  retraction  is  essential  for 
goeround. 


MANEUVERING  FUGHT  LOAD  FACTORS  LIMIT 

- 1  g  to  -I-  2.80  g  with  flaps  retracted. 

>  0  g  to  2.00  g  with  flaps  extended. 


NAVIGATION  AND  COMMUNICATION  EQUIPMENT 

''  Do  not  operate  weather  radar  during  refueling  near  fuel  s(mIIs  or  people. 

-  The  airplane  must  not  be  moved  unti  all  heading  and  attitude  information  is  valid  on  both  pilot  and 
copilot  ADIs. 

-  Approach  must  be  made  with  EPIS  in  angular  mode  only.  <Por  airplanes  equipped  with  CoKtns 
ER&86B). 

-  Vi/hile  transmitting  in  HP.  hydrauTic  fluid  quantity  indicator,  battery  tamperature  monitor  and  RMI 
information  is  not  vafid. 

-  The  non^xecision  approaches  using  ND6  course  on  the  EPIS  are  not  permitted.  (Por  drplanes 
equipped  with  BencRx  EPS-10A). 

-  The  Past/Slow  indication  is  not  valid  for  flaps  15*  and  2S*.  (Por  airplanes  equipped  with  Stal 
Warning  Corr^er  PN’s  OB180&-1  and  C81806-1  MOD.  A). 

-  When  the  TCAS  system  is  operational  the  TCAS  operatM's  manual  must  be  on  board  or  the 
material  from  the  manual  must  be  incorporated  in  the  fli^t  crew  operatitvg  manual. 

CTA  APPROVED 

AUGUST  2a  1S86 

REV.  43 -APRIL  23,  ISSe 


EMB-120  Flight  Crew  Awareness  Seminar;  Aircraft  Icing 
Tuesday  November  >dth,  1995 

'iH 
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NoveRd>er  20, 199S 

TO:  M  EMB>120  Opertton,  FAA,  NTSB,  KAA.  Esibncr 

From:  Mark  Lowell ,  Instructor  Supervisor 

Re:  Meeting  I^utes;  EMB«120  Fli^  Crew  Awireness  Seninir;  Aircraft  Icing 


The  attached  document  contains  the  meeting  ttunutes  form  the  EMB>120  Flight  Crew 
Awareness  Samtnar,  Aircraft  Icittg  that  was  held  on  Novembs  IS,  1995. 

A  draft  of  the  meeting  minutes  wu  dreulated  and  reviewed  ^  ftw  pundpatss.  AO 
comments  and  amendments  were  included  and  the  final  document  it  tttacbed. 

Though  no  fixmal  schedule  was  determined,  the  committee  tentativ^  *1*^  to  a  fttfure 
meeting  to  review  the  test  results  ft^om  the  tanker  artd  lubsequwit  aircraft  test  data.  The 
fiiture  meeting  woyld  ftinher  amend  this  document  to  include  the  results  of  the  tests. 


Embtaer  Aircraft  Corporation 


878  rnc^Tn^mmt  Mtrn  Btrmmt.  ^ort  I 

h37O0  •  T«te:  aOt 


1319 

•37C- 
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TO:  All  EMB-120  Operaton,  FAA,  NTSB,  RAA,  Embraer 

From:  Mark  Lowell ,  Instructor  Supervisor 

RE:  Meeting  Minutes;  EMB>120  Flight  Crew  Awareness  Seminar;  Aircraft  Icing 


During  the  November  7th  Washington  D  C.  operators  meeting,  it  was  recommended  that 
EMB-120  operators  meet  with  Embraer  to  ^scuss  aircraft  idng  issues  specific  to  the 
aircraft.  As  a  result,  a  Flight  Crew  Awareness  Seminar  was  convened  at  9:30  AM  on 
Tuesday  November  ISth  in  Ft.  Lauderdale,  Florida. 

The  attendees  were  as  follows: 

Ken  Mayfield,  Mesa  Airgroup 

William  Dudley,  Atlantic  Southeast  Airlines 

Dan  Ence,  Skywest  Airlines 

Robert  Melcher,  Comair  Airlines 

Wayne  Wolke,  Comair  Airlines 

Rick  St.  Onge,  Comair  Airlines 

Chuck  Bundesen,  Miami  Flight  Service 

Langhom  Bond,  Embraer 

Manuel  Monteiro,  Embraer 

Mark  Lowell,  Embraer 

Representatives  from  Great  Lakes  Aviation  and  Continental  Express  were  unable  to  attend 
due  to  schedule  conflicts  but  will  be  kept  fully  informed  of  meeting  issues  and 
recommendatiQhs. 

The  purpose  of  the  seminar  was 

To  discuss  operation  of  the  EMB-120  in  icing  conditions. 

To  generate  recommendations  for  a  flight  crew  awareness  program  to  be 
implemented  by  EMB-120  operators 

To  recommend  changes  or  additions  to  aircraft  publications  regarding  operations 
in  icing  conditions 

To  identify  any  specific  test  points  to  be  incorporated  in  the  icing  tanker  tests  to  be 
conducted  in  the  near  future 


280 


In  preparation  for  the  seminar,  the  following  list  of  discussion  topics  was  distributed  to  the 
EMB-120  operators.  This  same  list  of  topics  was  used  during  the  seminar  as  an  outline  to 
structure  the  discussions. 

Aircraft  Characteristics: 

•  Aircraft  flight  characteristics  in  icing 

•  Ice  recognition  and  monitoring 

•  Aircraft  buffet  characteristics  in  icing  conditions  /  recognition  of  impending  stall 

•  Autopilot  characteristics  in  icing  conditions 

•  Stall  warning  system  characteristics 

•  Discussion  of  known  icing  inddents 

Aircraft  Procedures: 

•  Autopilot  modes  of  operation/procedures 

•  Holding  in  icing  conditions 

•  Operation  of  deice/anti-ice  systems 

•  Deicing  systems  failures  and  tests 

•  Approach  and  landing  in  icing  conditions  with  and  without  deice  system  failures 

•  Deice  system  maintenance 

FAA  /  ATC  Topics: 

•  Identification  of  icing  conditions  in  weather  reports  and  forecasts 

•  New  FAA  weather  report  formats 

•  Operations  criteria  based  on  known  idng  conditions 

•  Ground  deicing  and  dispatch  procedures  in  icing  conditions 

•  Escape  procedures  for  severe  icing  encounters 

•  ATC  information  and  cooperation  regarding  icing  conditions 

During  the  initial  portions  of  the  seminar,  Embraer  brought  the  members  up  to  date  on  the 
testing  conducted  with  the  artificial  ice  shapes  and  the  current  plans  for  inflight  tanker 
tests 

Discussions  took  place  regarding  all  aspects  of  the  listed  topics.  In  addition,  the  MIA  FSS 
specialist  explained  the  types  of  repons  and  forcasts  that  would  contain  freezing  rain  or 
drizzle  and  explained  the  new  weather  reponing  system  to  be  implimented  in  July  of  next 
year 

As  a  result  of  these  discussions,  the  following  conclusions  and  recommendations  were 
agree  to  by  the  committee. 
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Conclusions  and  Recommendations: 

With  regard  to  aircraft  characteristics,  the  operators  indicated  that  their  in-service 
experience  has  revealed  no  specific  or  unique  problenu  associated  with  the  operation  of 
the  EMB-120  in  icing  conditions.  The  aircraft  has  operated  world  wide  for  ten  years  with 
no  reported  icing  related  incidents  attributed  to  the  airframe  when  the  aircraft  was 
operated  in  accordance  with  the  procedures  contained  in  the  approved  aircraft  flight 
manual. 

Relative  to  the  upcoming  tanker  tests,  the  committee  recommends  that  the  tests  include 
identification  of  unique  large  droplet  signatures  in  the  form  of  visual  cues  to  the  crew  that 
are  readily  visible'from  the  cockpit.  These  signatures  should  be  filmed  or  photographed  for 
inclusion  in  training  documents.  If  possible,  also  determine  the  best  visual  cues  available  to 
the  crew  to  identify  the  first  formation  of  any  ice  on  the  aircraft  such  as  wiper  blades. 

Reference  the  Configuration  Deviation  List  57-20-1  Vortex  Generators.  The  committee 
recommends  that  the  flight  test  group  consider  the  effects  of  missing  vortex  generators 
relative  to  ice  shapes  ahead  of  the  ailerons  and  determine  if  testing  in  this  area  is 
warranted. 

Reference  the  wing  inspection  lights  MMEL  item  33-47-1  first  item,  the  committee 
recommends  that  the  first  item  be  amended  as  follows.  Change  the  repair  interval  from 
category  C  to  category  B.  Change  the  number  required  for  dispatch  from  0  to  1 .  Insert  the 
word  "One"  before  the  word  "May"  in  the  accompanying  text. 

Reference  the  Vicing  incidents"  cited  by  the  FAA  at  the  November  7th  meeting,  the 
committee  recognized  and  discussed  elements  in  these  events.  Some  of  these  contained  an 
apparent  "lack  of  proper  monitoring  of  ice  formation",  "probable  failure  to  properly 
operate  the  leading  edge  deicing  systems",  "probable  failure  to  recognize  reduced  stall 
margins  with  ice  on  the  aircraft",  "improper  use  of  autopilot  modes",  "failure  to  maintain 
speed  in  a  turn  with  the  autopilot  engaged" 

The  committee  concluded  that  these  elements  constituted  crew  awareness  and  procedural 
issues  As  such  the  committee  recommends  that  Embraer  produce  a  document  in  the  form 
of  an  Operations  Bulletin  that  addresses  operation  of  the  EMB-120  in  icing  conditions 
This  document  would  form  the  basis  for  operator  crew  awareness  programs  and  would  be 
distributed  through  current  communication  channels  in  place  within  each  operators 
organizational  structure 
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The  Operations  Bulletin  would  contain  information  pertairang  to: 

•  Identification  of  various  ice  types  and  unique  signatures  applicable  to  the  EMB-120 

(data  fi’om  the  tanker  tests  to  be  included) 

•  decreased  stall  margins  with  ice  on  the  aircraft 

•  specific  temperature  ranges  and  conditions  conducive  to  ice  foimation 

•  recommendations  for  autopilot  mode  usage 

•  recommended  speeds  for  all  phases  of  flight  in  icing  conditions 

•  recommendations  for  proper  monitoring  of  ice  formation 

•  recommendations  for  proper  operation  and  testing  of  the  deice  systems 

•  stall  warning  system  operation  relative  to  operations  in  ice 

In  light  of  the  fact  that  the  FAA  seems  predisposed  to  place  restrictions  on  flight 
operations  in  areas  of  SLD  (Super  cooled  Large  Droplets),  the  committee  recommends 
that  the  FAA  publish  clear  and  unequivocal  guidance  as  to  what  constitutes  SLD 
conditions,  freezing  rain,  and  freezing  drizzle,  how  these  conditions  can  be  clearly 
identified  and  distinguished  by  flight  crews  in  flight  and  on  the  ground,  and  how  SLD 
conditions  will  be  identified  in  hourly  reports,  terminal  and  area  forecasts,  sigmets  and 
other  reports. 

The  committee  also  recommends  that  dispatch  criteria  for  such  conditions  be  clearly 
defined  without  ignoring  that  the  aircraft  currently  meets  all  certification  requirements  for 
flight  in  icing  conditions  Specifically,  what  criteria  will  the  flight  crews  use  to  recognize 
that  conditions  exceed  the  current  certification  limits.  In  addition,  the  FAA  should  also 
publish  clear  and  concise  information  detailing  atmospheric  conditions  conducive  to  SLD 
formation  suclvas  temperature  ranges  and  layer  thickness  and  recommended  procedures  to 
leave  SLD  conditions  based  on  this  information. 

In  discussions  of  ice  recognition  at  night,  the  committee  agreed  that  recognition  of  clear 
ice  conditions  was  the  most  difficult,  The  committee  recommended  that  Embraer 
investigate  low  cost  visual  aids  possibly  in  the  form  of  high  contrast  markings  that  would 
aid  in  the  identification  clear  ice  and  gauge  the  thickness  of  ice  formation 

Discussions  took.place  relative  to  the  adequacy  of  the  ice  related  information,  procedures, 
and  tests  contained  in  the  aircraft  flight  manual.  While  the  committee  agreed  the 
information  in  its  current  form  is  adequate,  the  committee  recommends  that  a  statement 
reading  "Caution:  Avoid  prolonged  operation  in  areas  of  freezing  rain  or  drizzle "  be 
added  to  page  4*39  of  the  flight  manual  In  addition,  the  committee  recommended  that 
notes  regarding  airspeed  increases  in  icing  conditions  be  added  to  the  applicable  abnormal 
procedures  sections  related  to  abnormal  flap  conditions  for  landing. 
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Discussion  took  place  regarding  the  revision  39  amendment  to  the  "Daily  Checks"  section 
of  the  flight  manual  which  specifies  80%  Nh  for  the  functional  check  of  the  deice  systems. 
This  engine  speed  range  is  likely  to  impinge  on  the  propeller  speed  range  that  causes  the 
highest  blade  stress  environment  in  quartering  tailwind  conditions.  In  addition,  propeller 
thrust  produced  in  the  80%  Nh  range  could  be  potentially  hazardous  if  this  test  is 
conducted  on  slippery  surfaces  such  as  ice  or  ^d  packed  snow.  The  committee 
recommends  that  Embraer  review  the  amended  procedure  in  light  of  the  aforementioned. 

Discussion  took  place  regarding  the  need  for  unusual  attitude  recovery  training  to  be  part 
of  the  operators  simulator  programs.  Some  operators  have  already  implemented  such 
plans  Unknown  to  the  committee  at  the  time  was  the  September  20th  Operations  Bulletin, 
OB  120-002/95  entitled  "UNUSUAL  FLIGHT  AmTUDE  -  RECOGNITION  AND 
RECOVERY".  This  document  should  be  helpful  in  operator  development  of  unusual 
attitude  recovery  simulator  programs. 


Agreed  to  by  the  committee, 

EMB-120  Flight  Crew  Awareness  Seminar,  Aircraft  Icing 
Ft  Lauderdale,  Florida 
November  14,  1995 
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APPENDIX  H— COMAIR  ICING  GUIDANCE/PROCEDURES 


GomAK 

INTER-OFFICE  MEMO 


TO:  AJ1EMB«U0/ SAAB  340 

Flight  Cf«wffi«mb*n 

MOM:  W»yn«A.WoIki  w 

EMB-UO/SAAB  340  Prognm  Mantgtr 


OATl:  D#cerob«f  I,  IW5 


nLINO^  95120001 


$U9JICT:  Winter  Openting  Tipi  -  Freeang  Riin  /  Drtxxii 
Normal  Icing 

Normil  ice  eceumulation  on  in 
managed  by  our  turboproptfler  aircnft. 

There  have  been  inddenu  ftcton  wluch  reiult  in 

holding. 

Th.  fc».»ta|  !>•»•  I”-  “* 

opMtioni  It  tht  CVG  Hub: 

CVG  Doieing:  (Rtfaronca  Oparationa  Bullatin  954306) 

1.  cn  E».pu=n. "" 

3. 

Mact  baan  tninad  apadfically 

5.  ^ 
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Autopilot  us« 

If  icing  conditions  ire  experienced  or  residual  ice  is  present,  operate  the  autopilot  in  the  IAS 
mode  only  (climb).  The  IAS  mode  will  allow  the  aircraft  to  descend  if  airspeed  cannot  be 
maintained  at  the  present  power  setting.  Other  autopilot  modes  will  allow  the  aircraft  to  slow  in 
order  to  hold  the  selected  mode,  or  may  not  give  the  necessary  stall  margin  required  for  residual 
ice  on  the  aircraft.  Monitor  power  senings  and  increase  u  necessary. 


Airaptfd 

When  flying  in  icing  conditiens,  do  not  fly  the  EMB-120  at  leas  than  160  IdAS,  or  150  K2AS  in 
the  SAAB  340.  This  will  add  to  the  stall  margin  when  maneuvering  with  airftame  ice.  If 
necessary,  power  settings  up  to  maximum  eonttminus  may  be  used  to  maintain  airspeed.  This 
ineludcs  inoMSing  N,  to  100%  m  the  £MB-i20,  or  1396  RPM  in  the  SAAB  340.  Avoid 
prolonged  holding  in  idng  conditions.  Request  a  change  in  altitude  or  loetfion  to  exit  icing 
conditions  once  these  conditions  are  encountered.  Use  a  holding  speed  of  170  XlAS  when 
rttiduai  airframe  icing  is  suspeaed.  Monitor  airspeed  dosdy  when  in  idng  conditions,  especially 
in  turns. 

Approach  and  Landing 

Even  with  residual  ice  on  the  aircraft,  130  XlAS  provides  adequate  margin  (br  approach  in  the 
£MB»120  with  flaps  at  23*,  and  the  SAAB  340  with  fl^s  at  20*.  Both  aircraft  should  land  with 
the  approach  flap  setting  (23*  /  20*)  when  in  idng  congas  or  with  suspected  rcddual  airframe 
idng.  The  use  of  the  lower  landing  fl^  setting  improves  eentroQabQiqf  arid  eOminates  the  need  to 
make  a  flap  change  on  approach.  Remember  that  airflow  iatatnqrtioa  on  a  horizontal  stabiSzar 
with  residual  ice  may  result  in  a  tail  staQ,  causieg  a  aose*dewn  ^ddng  movemant  Do  not  add 
flaps  at  low  ahhude  (short  final)  u  there  will  be  insuflident  t^  ft>r  recovery  if  a  tail  stall  is 
created  by  the  flap  change.  The  aircraft  should  be  slowed  on  short  flnal  to  cross  the  runway 
threshold  at  50  feet  at  V|0(or  Viv<f  10  KIAS  if  residual  airftime  idng  is  present  or  suspected). 

Freezing  fUln  Zl3iizzlo 

Recent  testing  of  turbopropeller  aircraft  in  freedng  drizzle  and  freezing  rain  idng  eonditiens  have 
shown  thai  ice  may  fbrni  on  the  aerodynamic  surftces  behind  the  pneumatie  dddng  boots. 
Freezing  drizzle  and  freezing  rain  will  exceed  the  capabilities  of  the  dddng  equipment  Freezing 
drizzidrain  can  be  expected  when  flying  in  arcu  with  liquid  pradpitarion  at  tenqieratures  bdw 
0*C.  This  is  espedally  dangerous  u  the  liquid  Is  supercooled  and  will  flreeza  upon  impact  with 
the  aircraft.  Supercooled  droplcu  fonn  in  stradibna  douds  with  temperatures  between  0  and 
-15*C  whan  accompanied  by  seme  mechanism,  usually  wind  shear,  to  generate  turbulence.  The 
turbulence  caused  by  the  wbid  sheer  can  increase  the  collisions  between  droplets,  and  hdp  keep 
larger,  heavier  drops  aloft.  Very  ibst  aocumulation  can  be  ej^ected,  and  a  change  in  althude  or 
course  should  be  made  to  get  out  of  the  freezing  drizzldrain  eonditiens.  Spedal  attention  must  be 
given  to  airspeed  control  and  autopilot  use. 
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Recoinition  /Eieape 

Early  recognition  of  ice  accumulation  due  to  freezing  drizzle/rain  it  critical  to  safety  of  Sight 
Airfrrame  icing  will  be  noticed  on  the  windshield  wipers  of  the  aircraft.  Ice  accumulations  will  also 
be  observed  on  the  urtheated  portions  of  the  wiiulshield  (EMB*I20)  and  the  side  windows 
(SAAB<340),  Also  check  the  propeller  spinner  for  ice  accumulation.  A  loss  of  airspeed  will  occur 
u  the  ice  builds  on  the  aircraft.  When  this  occurs  a  altemate  plan  should  be  discuucd  between 
flight  crewmembers  on  an  escape  procedure  from  moderate  or  severe  idng  conditions. 

Plrepi 

Probably  the  most  important  thing  flight  crews  can  do  for  each  othv  ii  to  provide  PIREPS  in 
areas  whan  freezing  dhzada/raint  or  any  other  niticil  flight  conditions  are  encountered.  Your 
report  will  enable  other  erewi  to  avoid  the  condltionf  by  changing  altitudt  or  ffight  routing.  These 
repons  should  immediately  be  given  to  ATC  so  that  other  flights  fat  flte  onmediate  aret  can  taka 
action,  and  to  Plight  Control  so  that  they  may  plan  succetdii^  flightt  aeGordingly. 

Conelutlon 

The  problemi  of  encountering  icing  eonditiena  can  be  teasened  by  beorporiting  the  foDowing 
suggestions: 

Prepare  for  Icing  Encounters. 

•  Preflight  weather  analysis. 

•  Craw  coordination. 

•  A  plan  for  avoidance  and  aacape  from  severe  icing  eonditioni  ihould  be 
discussed  by  flight  crewmembers  ai  part  of  thdr  crew  briefing  when  icing 
conditions  are  v^eaed. 

Recognize  Icing. 

•  Craw  vigilanci. 

Autopilot  Uttge. 

•  Use  only  IAS  Vertical  Mode  during  dimb. 

Airspeed. 

•  Minimum  160  X2AS  fbr  EMB«120  / 150  KIAS  for  SAAB  340. 
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Approach  and  Landing. 

•  Approach  at  130  KIAS  with  flapa  25*  for  EMB*I20  /  20*  for  SAAB  340. 

•  Vur  at  runway  threshold  (or  Sva  10  KIAS  if  residual  airframe  icing  is 
present  or  suspected). 

^  PIREPs. 

•  Assist  following  flights  with  frequent  reports  of  adverse  conditions. 
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ODmAii 


'-EMB-120  FLIGHT  STANDARDS  BULLETIN 


DATE:  2JUL96  FILE  NO.:  96-02 

SUBJECT :  Severe  Icing  Ccmdidons  [per  AD  96-09-24] 


Severe  idng  may  result  from  environmemal  condmons  outside  of  those  fr)r  which  the 
aiq)Une  is  certificated  Flight  in  freezing  rain,  freezing  drizzle,  or  nuxed  kar^  concfidons 
(supercooled  liquid  water  and  ice  cxystais)  may  result  in  ke  binld-up  on  prote^ed  surfiaces 
exceeding  the  capability  of  the  ice  protection  system,  or  may  result  in  ice  fonning  afr  of 
the  protected  surfaces.  This  ice  may  not  be  sbed  using  the  ice  protection  systems,  and  may 
seriously  degrade  the  performance  and  controllability  of  the  airplane. 

During  fright,  severe  icing  conditions  that  exceed  those  for  which  the  airplane  is 
certificated  shall  be  determined  by  the  following  visual  cues.  If  one  or  more  of  these  visual 
cues  exists,  immediately  request  priority  handling  from  Air  Traffic  Control  to  Meditate  a 
'nute  or  an  altitude  change  to  exit  the  icing  conditions. 

•  Unusually  extensive  ice  accreted  on  tbe  ~airtrame  in  areas  not  normally 
observed  to  collect  ice. 

•  Accumulation  of  ice  on  the  upper  suffice  of  the  wing  ait  of  the  protected 
area. 

•  Accumulation  of  ice  on  the  propeller  spinner  farther  aft  than  normally 
observed. 

Since  the  autopilot  may  mask  tactile  cues  that  indicate  adverse  changes  in  handling 
characteristics,  use  of  the  autopilot  is  prohkited  when  any  of  the  visu^  cues  specified 
above  exist,  or  when  unusual  lateral  trim  requirements  or  autopilot  trim  warnings  are 
encountered  while  the  airplane  is  in  idi^  condmons. 

In  icing  conditions,  use  of  fraps  is  restricted  to  takeoSi  approach,  and  landing  only.  When 
the  flaps  have  been  extended  for  approach  or  landing,  they  may  not  be  retracted  unless  the 
upper  surface  of  the  wing  aft  of  the  protected  area  is  dear  of  ice,  or  unless  dap  retraction 
is  essential  for  go-around. 

1  icing  detection  lighu  must  be  operative  prior  to  ffight  imo  icing  conditions  at  lught. 
iNOTE:  The  MEL  will  be  revised  to  reflect  this  change.] 


289 


COtMiX 


EMB-120  FLIGHT  STANDARDS  BULLETIN 


The  FoQomng  Weather  CaaSdonsM^  Be  Conducive  To  Severe  It^ghi  long  - 

•  Visible  nin  at  tempentares  below  0  degrees  Celsius  ambient 
temperature. 

•  Droplets  that  splash  or  splatter  on  impact  at  temperatures  below  0  d^ees 
Cebius  ambient  air  temperature. 

Procedures  For  Enting  The  Severe  Icing  Environment  • 

These  procedures  are  appGoMe  to  all  fii^  phases  from  takeoff  to  landing.  Monitor  the 
ambient  air  temperature.  While  severe  idng  may  frmn  at  temperatures  as  cold  as  -18 
d^rees  Celsius^  increased  vigilance  is  warranted  at  temperatures  around  freezing  with 
visible  moisture  present.  If  the  visual  cues  specified  above  for  identifying  severe  icing 
conditions  are  observed,  accomplish  the  following: 

•  Immediately  request  priority  handling  firom  Air  TrafiBc  Control  to  fiidlhate 
a  route  or  an  altitude  change  to  exit  the  severe  idng  conditions  in  order  to 
avoid  extended  exposure  to  flight  conditions  more  severe  than  those  for 
which  the  airplane  has  been  certificated. 

V  Avoid  abrupt  and  excessive  maneuvering  that  may  exacerbate  .cootcoL 
diffinilties. 

•  Do  not  engage  the  autopilot. 

•  If  the  autopilot  is  engaged,  hold  the  control  whed  firmly  and  disengage  the 
autopilot 

•  If  an  unusual  roll  response  or  uncommanded  roll  control  movement  is 
observed,  reduce  the  angie-of-attack. 

•  Do  not  extend  flaps  during  extended  operation  in  idng  corxlttions. 
Operation  with  flaps  extended  can  result  in  a  reduced  wing  tn^e-of-attack, 
with  the  posabilhy  of  ice  forming  on  the  upper  surfiice  further  afr  on  the 
wing  than  nonnal,  possibly  aft  of  the  protected  area. 

•  If  the  flaps  are  extended,  do  not  retract  them  until  the  airfirame  is  dear  of 
ice. 

•  Report  these  weather  conditions  to  Air  Traffic  Control. 

Any  questions  or  conunents,  please  call  the  EMB- 120  Program  Manager 
(606)  767-2458. 
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GMIIAk 


EMB-120  FLIGHT  STANDARDS  BULLETIN 


DATE:  I8CX:T96  FILE  NO.:  96-04 

SUBJECT :  Winter  Flying  Tips 


1996-97 Deice  OpenAoia 

The  procedures  for  urcrtft  ground  deicii^  lor  die  1996-97  winter  ire  mcluded  in  t  new 
reviskm  to  the  COMAIR  (Rations  McmuaL  Please  ensure  *at  you  have  this  revision 
and  become  ftmiliar  with  die  changes.  The  Operations  Manual  revision  also  includes  new 
Holdover  Timetables.  The  new  tables  are  to  be  used  immediately,  the  taWes  cwrwitly 
shown  in  die  EMB-120  Flight  Standards  Manual  should  not  be  used,  and  will  be  deleted 
in  Revision  9  when  it  becomes  available. 

Autopilot  Use 

~he  autopilot  may  twly  he  used  in  die  IAS  mode  when  climbing  in  icing  conditions.  In- 
iy  other  mode  die  aiicraft  may  be  slowed  to  a  stall  if  die  autopilot  is  trying  to  maintain  a 
climb  or  pitch  attitude.  When  in  tfie  IAS  mode  die  autopilot  will  descend  if  necessary  to 
maintain  the  desired  airspeed  (below  FL200  minimum  desired  airspeed  is  170  KIASX 
thereby  not  allowing  the  airspeed  to  drop  to  stalling  speeds.  Please  refer  to  Bulletin  No. 
96-02  fra*  autopilot  restrictions  when  encountering  sevwe  icing  conditions. 

Aircraft  Ground  Deicing 

Leave  the  flaps  in  the  0°  position  until  comi^etion  of  aircrafl  ground  deicing.  This  will 
reduce  contaminatioa  of  the  actuators,  and  tracks,  and  diereby  reduce  flap 

malfunctions.  The  taxi  checklist  should  ^  performed  after  completion  of  deicing. 

Be  sure  to  close  all  bleed  air  sources  (engioes  and  APU)  prior  to  the  application  of  deicing 

fluid.  The  bleeds  may  be  reopened  no  less  dan  sixty  seconds  after  deiemg.  This  allows 

time  for  all  residual  fluid  in  die  intakes  to  be  ingested.  Also  ensure  diat  the  propellers  are 
feathered  prior  to  the  start  of  deicing. 

Other  Precautions 

Avoid  abrupt  and  excessive  maneuvering  dial  may  exacerbate  control  difficulties, 

•  If  the  autopilot  is  oigaged,  hold  die  contrx^  wheel  fhmiy  when  disengaging  the 
autopilot. 

•  If  an  unusual  roll  response  or  uncommanded  roll  control  movemoit  is  observed, 
reduce  the  angle-of-attadc 
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#116320  FUGHT  STANEWb^ltjUllf^ 


Wc  will  mttm|vt  to  hangar  as  many  aircraft  as  possible.  If  an  aircnft  is  mit  tungared, 
please  start  bob  engines  to  wann  the  engine  oil  prior  to  passengn  boarding.  This  win  / 
also  expose  any  starting  /  engine  problems  encountered  prior  to  passen^  boarding. 
Engines  may  need  to  be  run  for  10*15  minutes  to  suffidendy  warm  toe  oil  on  extremdy 
cold  mornings.  Remember  toat  toe  propdlers  may  no  be  brought  out  of  feather  untQ  toe 
oil  is  above  0*’  C.  Consider  keeping  the  number  two  engine  nnming^  if  ramp  agents  are 
available;  and  toe  airport  does  not  restrict  boarding  with  an  engine  runrmig  (e.g.,  STL). 


Any  questioRS  or  comments,  please  call  toe  EM&-120  Program  Manager  at 
(606)767-2458, 
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OsmAfi 


EMB-120  FLIGHT  STANDARDS  MANUAL 


Cold  Weather  Operation 


General  Policy  Regarding  Use  of  AntMce  Equipment 


NOTE  ~1 


Iciag  conditions  exist  wbea  the  OAT  is  ^5  degitesC 
or  below  and  visible  Boistuie  in  any  fonn  is  piesent 

(such  as  douds,  tain,  snow,  steet,  ice  aystais  or  fog 
with  visibility  one  mile  or  less). 

Idng  also  exist  vdien  the  OAT  on  the 

ground  and  for  takeoff  is  4’5  degrees  C  or  bdow 
vrfien  operating  on  ramps,  taxiways  or  runways 
where  sutikee  snow,  ice,  standing  water  or  dnsh  may 
be  ingested  by  the  engiites,  or  lireeu  on  engines, 
engine  sensor  probes,  nacdles,  wings,  control 
surfices  or  flaps. 


Ignition 

Continuous  ignition  must  be  used  for  takeoff  and  landings  on  contaminated 
runways  O-C-.  surface  covered  vwth  standing  water,  slush  or  snow). 

Continuous  ignition  must  be  used  for  flight  through  moderate  or  severe  idng. 

Wing/Engine  Inlet  De-Ice. 

Allow  ice  accumulation  to  build  approximately  1/2  inch  prior  to  inflating  the  wing 
and  engine  inlet  de-ice  boots.  When  it  is  difficult  to  see  the  wing  leading  edge,  or 
operating  at  night,  an  airspeed  loss  of  10  to  15  knots  is  a  good  indicator  of  ice 
accumulation. 


CAUTION 


Prenature  activatiou  of  the  surface  de-ice  boots 
could  result  in  ice  forming  the  shape  of  an  inflated 
deice  boot,  making  further  attempts  to  de-ice 
inflight  impossible 

Windshield  Heat 

Select  windshield  heat  ON  prior  to  operating  in  icing  conditions. 


120  FSM 
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OMIlAil 


EMB-120  FLIGHT  STANDARDS  MANUAL 


Cold  Weather  Operation 


Descent  end  Landing 

Pre>heat  the  wnndshield  prior  to  entering  icing  conditions.  Turning  the  windshield 
ice  protection  on  immediately  before  descending  into  an  undercast  may  not  give 
the  windshield  enough  time  to  fully  heat. 

Anytime  ice  is  suspected  of  adhering  to  any  aircraft  surfaces,  beware  of  clear  ice 
fuid)aclc. 

Land  with  flaps  25  if  ice  is  suspected  on  any  aircraft  surface.  Use  flaps  25  Vref 
+5. 

Minimum  holding  speed  in  icing  conditions:  160  Kts. 

Maximum  speed  for  windshield  wiper  operation;  160  Kts. 

Landing 

Landing  on  runways  having  ti  Nil  Braking  Action  report  are  not  authorized. 

A  positive  touchdown  should  be  made  to  loosen  possible  frozen  brakes. 

Following  initial  touchdown  on  a  slippery  runway,  uleron  and  rudder, 
supplemented  by  asymmetrical  power,  are  the  primary  controls  for  steering  the 
urcraft.  As  soon  as  possible  after  main  gear  touchdowrt,  lower  the  nosewheel  and 
utilize  smooth,  even  reverse. 

Use  of  moderate  reverse  will  aid  in  decelerating  the  aircraft.  After  v^eel  spinup, 
the  anti-skid  ^em  will  become  effective.  Brakes  should  be  used  with  caution. 
Apply  brakes  smoothly,  do  not  pump  the  brakes,  as  this  causes  the  anti-skid 
system  to  readjust  brake  pressure  to  reestablish  optimum  braking,  thereby 
lengthening  the  stopping  distance. 
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UMITATIONS  ^  EMBPABP 

EMBl20BrB8iiB 
AIRPLANE  FUGHT  MANUAL 
FUGHT  IN  ICING  CONDITION 


Right  into  known  icing  conditions  is  approved  when  the  appropriate  epuipment  and  instrument 
required  by  the  airworthiness  artd  operating  regulations  are  approved,  irtstalied  arxi  in  an  operaoie 
condition; 

WARNING:  SEVERE  ICING  MAY  RESULT  FROM  ENVIRONMENTAL  CONDITIONS  OUTSIDE 
OF  THOSE  FOR  WHICH  THE  AIRPLANE  IS  CERTIFICATED.  FUGHT  IN  FREEZING 
RAIN,  FREEZING  DRIZZLE.  OR  MIXED  ICING  CONDITIONS  (SUPERCOOLED 
LIQUID  WATER  AND  ICE  CRYSTALS)  MAY  RESULT  IN  ICE  BUILD-UP  ON 
PROTECTED  SURFACES  EXCEEDING  THE  CAPABILITY  OF  THE  ICE  PROTECTION 
SYSTEM,  OR  MAY  RESULT  IN  ICE  FORMING  AFT  OF  THE  PROTECTED 
SURFACES.  THIS  ICE  MAY  NOT  BE  SHED  USING  THE  ICE  PROTECTION 
SYSTEMS.  AND  MAY  SERIOUSLY  DEGRADE  THE  PERFORMANCE  AND 
CONTROLLABILITY  OF  THE  AIRPUNE. 

DURING  FLIGHT.SEVERE  ICING  CONDITIONSTHATEXCEED  THOSE  FOR  WHICH 
THE  AIRPLANE  IS  CERTIFICATED  SHALL  BE  DETERMINED  BY  THE  FOLLOWING 
VISUAL  CUES.  IF  ONE  OR  MORE  OF  THESE  VISUAL  CUES  EXISTS.  IMMEDIATELY 
REQUEST  PRIORITY  HANDLING  FROM  AIR  TRAFFIC  CONTROL  TO  FACILITATE  A 
ROUTE  OR  AN  ALTITUDE  CHANGE  TO  EXIT  THE  ICING  CONDITIONS. 

-  UNUSUALLY  EXTENSIVE  ICE  ACCRETED  ON  THE  AIRFRAME  IN  AREAS  NOT 
NORMALLY  OBSERVED  TO  COLLECT  ICE. 

-  ACCUMULATION  OF  ICE  ON  THE  UPPER  SURFACE  OFTHE  WING  AFTOFTHE 
PROTECTED  AREA. 

-  ACCUMULATION  OF  ICE  ON  THE  PROPELLER  SPINNER  FARTHER  AFT  THAN 
NORMALLY  OBSERVED. 


-  Since  the  autopilot  may  mask  tactile  cues  that  indicate  adverse  changes  in  handling 
characteristics,  use  of  the  autopilot  is  prohibited  when  any  of  the  visual  cues  specified  above 
exist,  or  when  unusual  lateral  trim  requirements  or  autopilot  trim  warnings  are  encountered  while 
the  airplane  is  m  icing  conditions. 

-  In  icing  conditions,  use  of  flaps  is  restricted  to  takeoff,  aoproach.  and  landing  only.  When  the  flaps 
have  been  extended  for  approach  or  landing,  they  may  not  be  retracted  unless  the  upper  surface 
of  the  wing  aft  of  the  protected  area  is  clear  of  ice.  or  unless  flap  retraction  is  essential  for 
go-around. 

-  All  icing  detection  lights  must  be  operative  prior  to  flight  into  icing  conditions  at  night. 


NOTE:  This  supersedes  any  relief  provided  by  the  Master  Minimum  Equipment  List  (MMEL). 
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EMBRAER 

- ] -  EMBI20 BrasiBa 

AIRPLANE  FU6HT  MANUAL 

OPERATION  IN  ICING  CONDITIONS 


NORMAL  ntOCEC.  *ES 


^YING  INTO  ICING  CONDITION 

When  flying  into  known  or  forecast  icing  conditions,  proceed: 

IGNITION  Switches  .  ON 

Ice  Protection  System . .  TURN  ON  AS  REQUIRED 

The  ice  protection  system  should  be  turned  on  as  follows: 

-  AOA  TAT  and  SLIP:  before  flying  into  known  idng  conditions. 

-  Propeller:  before  flying  into  known  icing  conditions  or  at  the  first  sign  of  ice  formation. 

-  Wing  and  tail  leading  edges,  engine  air  inlet  and  windshield:  at  the  first  sign  of  ice 
formation. 

Holding  configuration: 

Landing  Gear  Lever .  UP 

Flap  Selector  Lever .  UP 

Airspeed .  160  KIAS  MINIMUM 

Np  .  85%  MINIMUM 

To  eliminate  propeller  vibrations,  increase  Np  as  required. 


NOTE:  For  approach  procedures  in  known  or  forecast  icing  conditions,  increase  the  airspeed  th'  5  up 
to  10  KIAS  until  the  short  final. 


•HE  FOLLOWING  WEATHER  CONDITIONS  MAY  BE  CONDUCIVE  TO  SEVERE  IN-FLIGHT  ICING 

1.  Visible  rain  at  temperatures  below  0  degrees  Celsius  ambient  air  temperature. 

2.  Droplets  that  splash  or  splaner  on  impact  at  temperatures  below  0  degrees  Celsius  ambient  air 
temperature. 

PROCEDURES  FOR  EXITING  THE  SEVERE  ICING  ENVIRONMENT 

These  procedures  are  applicable  to  all  flight  phases  from  takeoff  to  landing.  Monitor  the  ambient  air 
temperature.  While  severe  icing  may  form  at  temperatures  as  cold  as  -18  degrees  Celsius, 
increased  vigilance  is  warranted  at  temperatures  around  freezing  with  visible  moisture  present. 

If  the  visual  cues  specified  in  the  Limitations  Section  of  this  manual  for  identifying  severe  idng 
conditions  are  observed,  accomplish  the  following; 

1 .  Immediately  request  priority  handling  from  Air  Traffic  Control  to  facilitate  a  route  or  an  altitude 
change  to  exit  the  severe  icing  conditions  in  order  to  avoid  extended  exposure  to  flight  conditions 
more  severe  than  those  for  which  the  airplane  has  been  cenificated. 

2.  Avoid  abrupt  and  excessive  maneuvering  that  may  exacerbate  control  difficulties. 

3.  Do  not  engage  the  autopilot. 

4.  If  the  autopilot  is  engaged,  hoid  the  control  wheel  firmly  and  disengage  the  autopilot. 


CTA  APPROVED 

AUGUST  01, 1991 

REV.  48  -  OCTOBER  14. 1996 
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NOKMAL  WOCEOUBES  EMBPAKR  _ 

EMBl20erBSllto 
AIRPUNE  FUGHT  MANUAL 

OPERATION  IN  ICING  CONDITIONS  (Continued) 

5.  If  an  unusual  roll  response  or  uncommanded  roll  control  movement  is  observed,  reduce  the  angle 
of  attack. 

6.  Do  not  extend  flaps  during  extended  operation  in  icing  conditions.  Operation  with  faos  extended 
can  result  in  a  reduced  wing  artgle  of  attack,  with  the  possibility  of  ice  forming  on  the  upoer 
surface  further  aft  on  the  wing  than  normal,  possibly  aft  of  the  protected  area. 

7.  If  the  flaps  are  extended,  do  not  retract  them  until  the  airframe  is  dear  of  ice. 

8.  Report  these  weather  conditions  to  Air  Traffic  Control. 

-  OPERATION  IN  ICING  CONDITIONS  CHECKLIST  COMPLETED  - 
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-PART  25  APPENDIX  C  ENVELOPE  AND  FAA 
STATEMENTS/INFORMATION 


14  CFR  Part  25  Appendix  C  Icing  Envelope 
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Memorandum 

US  Dttpartmftnt 
of  Trompoftotton 

toctord  AvtoNon 
AdmMUraHon 


INFORM^TIOW;  NTSB  Accldent/Incldent  M«:  OCT  I  1997 
Investigation  Support  Request 
97-105;  AAI-200  route  slip  dated 
7/31/97 

Ffom:  Acting  Director,  Flight  Stande  as  Attr».of: 

Service,  AFS-1 

Director,  Aircraft  Certification 
Service,  AIR-^l 

To:  Director  of  Accident  Investigation,  AAI-1 
ATTN:  Manager,  Recommendation  and 
Analysis  Division,  AAI-200 

The  following  information  is  in  response  to  the  Board's 
request  for  information  in  support  of  the  investigation 
into  Coraair  Flight  3272  which  crashed  in  Monroe,  Michigan, 
on  August  20,  1997. 

Questions  1  and  2:  When  was  the  Operation 
Bulletin  120-002/96  from  Embraer  received  by  the  FAA? 

Which  offices  of  the  FAA  received  the  bulletin  and  on  what 
dates? 

FAA  Response:  Embraer  maintains  a  list  of  FAA  offices  that 
it  distributes  all  operations  bulletins  to.  Embraer 
Operations  Bulletin  120/002/96  was  sent  to  the  following 
FAA  offices  on  May  17,  1996;  Seattle  Aircraft 
Certification  Office  (ACO) ,  Atlanta  ACO  (received. 

5/31/96),  Southern  Region  Flight  Standards  Office 
(received.  5/28/96),  Salt  Lake  City  Flight  Standards 
District  Office  (FSDO),  Program  Management  Branch  of  the 
Flight  Standards  Service,  and  the  Seattle  Aircraft 
Evaluation  Group  (AEG)  (received.  5/29/96) . 

Question  3:  Which  offices  that  received  the  bulletin  were 
required  to  act,  approve,  forward,  or  comment  on  the 
bulletin? 

FAA  Response;  No  FAA  offices  are  required  to  act,  approve, 
forward,  or  comment  on  a  manufacturer's  bulletin  when 
received. 

Question  4:  When  did  the  POI  receive  the  bulletin,  and 
from  whom? 
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FAA  Response;  The  POI  received  the  bulletin  sometime  after 
March  14,  1997,  from  Comair. 

Question  5;  What  role  does  the  POI,  AEG,  or  the  AGO  play 
in  reviewing  or  acting  upon  operational  bulletins  from  the 
manufacturer? 

FAA  Response;  Neither  the  POI,  AEG,  nor  AGO  are  required 
to  act  upon  operational  bulletins  from  the  manufacturer. 

Question  6:  If  GOMAIR  (or  any  other  EMB-120  operators) 
chose  not  to  implement  the  recommendations  of  the  bulletin 
(autopilot  HDG  and  1/2  bank  modes  in  icing),  what 
communication  was  necessary  by  the  companies  to  inform  the 
FAA? 

FAA  Response:  Comair  is  not  required  to  implement  the 
recommendations  of  the  bulletin.  Therefore,  no 
communication  is  necessary  by  the  companies  to  inform  the 
FAA. 


Question  7;  Which  carriers  have  incorporated  the 
recommendations  of  the  ops  bulletin  in  their  company  flight 
manuals  (CFM)? 

FAA  Response:  There  are  a  total  of  7  operators  that 
operate  Embraer  120  aircraft.  -All  7  have  incorporated  the 
recommendations  of  the  operations  bulletin  in  their  CFM's. 
The  carriers  are: 

Atlantic  Southeast  Airlines,  Inc. 

Comair,  Inc. 

Continental  Express,  Inc. 

Great  Lakes  Aviation,  Ltd. 

Mesa  Airlines,  Inc. 

Skywest  Airlines,  Inc. 

Westair  Commuter  Airlines,  Inc. 

Question  8:  Please  inform  me  as  to  the  review  and  approval 
process  following  a  modification  to  the  manufacturer's 
airplane  flight  manual. 

FAA  Response;  The  FAA  Aircraft  Certification  Office 
responsible  for  approving  revisions  to  an  FAA  approved 
Airplane  Flight  Manual  (AEM)  will  coordinate  the  subject 
revisions  with  the  cognizant  ACO  technical  branches  or 
specialists,  the  AEG,  and  the  appropriate  FAA  Flight 
Standards  office.  Once  approved,  the  manufacturers 
distribute  the  AFM  revisions  to  operators  and  other 
interested  parties.  General  guidance  for  the  development. 
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review,  and  approval  of  an  operator's  CFM,  from  information 
provided  in  the  manufacturer's  AFM,  is  provided  in  FAA 
Order  8400.10,  "Air  Transportation  Operations  Inspector's 
Handbook." 

Question  9:  Once  Embraer's  Revision  43  was  approved,  what 
are  the  lines  of  communication  from  the  approving  agency  to 
the  POI? 

FAA  Response;  There  are  no  estaUDlished  procedures  mandated 
to  communicate  to  an  operator's  POI  that  a  revision  to  an 
AFH  has  been  approved.  A  manufacturer  will  distribute  KFH 
revisions  to  the  affected  airplane  mode'^'s  owners  who  in 
turn  typically  supply  that  revision  to  une  POI. 

Question  10:  What  is  the  purpose  of  the  Flight  Manual 
Review  Board  (FMRB)  and  its  relationship  to  the  AGO?  How 
would  it  have  played  a  role  in  Embraer's  AIM  Revision  43  or 
various  airlines  that  operate  the  EMB-120  with  their  own 
CIMs? 

FAA  Response:  The  term  "Flight  Manual  Review  Board  (FMRB)" 
is  no  longer  used  in  aircraft  certification  terminology.  A 
FMRB  was  a  team  composed  of  an  AGO  engineer  representing 
each  discipline  (i.e.,  flight  test,  propulsion,  mechwical 
systems,  etc.)  and  chaired  by  the  FAA  project  test  pilot. 

A  FMRB  would  be  formed  at  the  beginning  of  a  type 
certification  project  to  provide  guidance  for  the 
development  of  the  AFM  and  to  later  review  that  AIM.  The 
same  principle  is  applied  today  by  coordinating  ATO's,  and 
revisions  thereto,  among  the  AGO  engineering  specialties 
branches  prior  to  approval  signature.  Revision  43  to  the 
EMB-120  AFM  would  have  been  subjected  to  this  current 
practice,  which  mimics  the  role  of  the  FMRB.  Any  changes 
made  to  an  operator's  GFM  would  not  be  subjected  to  a  FMRB 
process  or  the  system  that  has  replaced  the  FMRB  in  the 
AGO' s . 

Question  11:  Once  Embraer's  Revision  43  was  approved  for  a 
change  in  the  way  deicing  boots  were  used  in  the 
manufacturer' s  AFM,  what  communication,  directive  and 
guidance  is  provided  to  the  respecJtive  POIs  or  companies  to 
incorporate  such  changes  GFMs? 

FAA  Response:  There  was  no  direct  FAA  transmission  of 
Revision  43  to  the  EMB-120's  AFM  to  the  POI's  of  the 
operators  following  approval  of  that  AFM  revision  by  the 
responsible  AGO.  An  AGO  will  coordinate  the  initial 
release  of  an  AFM  for  a  transport  category  airplane  with  an 
AEG.  Any  coordination  of  approved  "AFM  revisions"  by  the 
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responsible  ACO  with  FAA  operations  personnel  will  be  done 
on  a  discretionary  basis.  In  the  specific  case  of 
Revision  43  to  the  EMB-120  AFM,  the  POI  received  the  AFM 
revision  and  associated  operations  bulletin  from  the 
operators. 

Question  12;  Three  sections  of  a  manufacturers  AFM  are 
approved;  limitations,  performance,  and  procedures. 
Similarly  for  a  company  flight  manuals  as  spelled  out  in 
FAA's  6400.10.  Revision  43  modified  the  procedure  for  boot 
operation  in  the  AFTd.  Is  this  not  also  required  to  be 
modified  in  CEWs?  Why  or  why  not? 

FAA  Response;  In  accordance  with  paragraph  2165B(1)  of  FAA 
Order  8400.10,  which  prescribes  the  information  to  be 
contained  in  the  CFM,  "The  procedures  section  of  a  CFM  must 
contain  all  procedures  required  by  the  AFM  or  RFM  and  for 
each  operation  the  operator  conducts, Since  in  some  cases 
a  POI  may  not  be  aware  of  an  AFTi  revision  (see  response  to 
Question  9),  unless  it  is  supplied  by  the  operator,  that 
POI  will  obviously  not  have  control  over  maintaining  the 
equality  of  the  AFM  and  CFM  procedures. 

In  order  to  assure  that  AFM  or  CFM  procedures  are  changed, 
an  Airworthiness  Directive  (AD)  mandating  that  specific 
text  be  a  part  of  the  AFM/CFM  or  that  a  specific,  dated 
revision  be  incorporated,  must  be  issued.  AD^ s  are  only 
issued  in  instances  where  the  AFM  changes  are  considered  to 
be  significant  enough  to  warrant  retroactive  application  to 
all  aircraft. 

Question  13;  Explain  how  the  three  approved  sections  of 
both  the  AFM  and  CFM  must  agree.  It  is  my  understanding 
that  limitations  and  performance  must  be  the  same.  Am  I 
correct?  Why  or  why  not?  What  about  the  procedures 
sections?  Must  the  information  contained  in  the  AFM  be 
incorporated  in  the  CFM?  Can  accepted  procedures  in  the 
CFM  modify  the  approved  procedures  in  the  CFM?  Can 
accepted  or  approved  procedures  in  the  CFM  modify  the 
approved  procedures  in  the  AFM? 

FAA  Response:  The  basic  requirement  for  the  AFM/CFM 
relationship  is  contained  in  14  CFR  section  121.141  which 
permits  CFM  operating  procedures  and  presentation  of 
performance  data  to  be  revised  relative  to  the  AFM  if  such 
presentations  are  approved  by  the  Administrator  and  clearly 
identified  as  AFM  requirements.  Additional  guidance  is 
provided  in  Section  4  of  FAA  Order  8400.10,  Air 
Transportation  Operations  Inspector's  Handbook. 
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The  FAA  Aircraft  Certification  Service  and  Flight  Standards 
Service  are  in  the  midst  of  a  special  project  to  review  AFM 
and  Flight  Crew  Operating  Manual  revision  processes, 
including  the  level  of  review  and  approval  of  those 
revisions  and  the  lines  of  coimnxinication  between 
certification  and  operations  specialists.  The  final  report 
and  recommendations  resulting  from  this  project  are  being 
developed. 
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eoo  IndeperwJenct  Av®..  S.W. 

USDeportmenr  wash^igton.  DC.  20591 

oftauportation 

MtrolAyiatton 

Administration 


OCT  I  1997 


Mr.  Richard  Rodriguez 
Major  Investigations  Division,  AS-10 
National  Transportation  Safety  Board 
490  L'Enfant  Plaza  East,  SW. 

Washington,  DC  20594-2000 

Dear  Mr.  Rodriguez: 

The  National  Transportation  Safety  Board  (NTSB)  forwarded  three 
letters  dated  June  16,  1997,  from  the  Comair  Party  Coordinator 
which  raised  questions  and  suggested  issues  which  Comair  believed 
should  be  addressed  in  the  NTSB  investigation  of  the  Comair 
Flight  3272  accident.  In  your  letter  addressed  to  the  Party 
Coordinators  dated  June  23,  1997,  you  asked  for  formal  responses 
to  the  appropriate  portions  from  each  Coordinator  and  indicated 
that  following  input  from  the  Federal  Aviation  Administration 
(FAA)  and  Embraer,  you  would  evaluate  the  need  for  additional 
investigative  activity. 

The  first  of  the  three  letters  included  a  detailed  list  of 
questions  regarding  the  initial  certification  process  and  the 
certification  and  operation  of  the  EMB-120  in  icing  conditions. 
The  FAA  response  to  each  of  those  questions  is  enclosed. 

The  second  letter  involved  questions  regarding  the  validity  of 
the  digital  flight  data  recorder  (DFDR)  information  from  the 
accident  aircraft.  The  FAA  believes  that  this  aspect  of  the 
Comair  questions  was  adequately  addressed  by  Mr.  Dennis  Grossi, 
NTSB  Chairman  of  the  DFDR  Team,  during  the  August  20  meeting  in 
Washington,  D.C.  In  addition  to  Mr.  Grossi's  statements 
regarding  the  accident  aircraft,  the  FAA  requested  that  Embraer 
conduct  an  investigation  of  the  EMB-120  DFDR  in  response  to 
NTSB  Safety  Recommendations  A-96-033  and  -034.  As  a  result  of 
this  investigation,  Embraer  issued  Service  Bulletin 
Number  120-31-0038,  dated  February  22,  1997,  to  correct  the 
potentiometer  calibration  error.  Embraer  will  also  implement  a 
revised  potentiometer  test  procedure  through  a  change  to  their 
maintenance  manual  to  address  DFDR  calibration  and  signal  noise 
issues. 
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The  third  letter  included  a  number  of  issues  regarding  the 
American  Eagle  Flight  4184  accident  at  Roselavm  and  stated  that 
"because  of  the  similarities  between  this  accident  and  that  of 
Comair  Flight  3272,  there  is  a  concern  that  there  may  be  a 
continuing  trend  relating  to  the  certification  of  foreign 
manufactured  aircraft."  The  letter  went  on  to  state  that  "it  is 
not  unreasonable  to  expect  that  every  effort  should  be  made  in 
determining  if  there  was  use  of  an  inadequate  protocol  by  a 
foreign  manufacturer  and  the  CTA  in  the  certification  (of)  the 
EMB-120  for  flight  in  icing  conditions."  The  letter  also 
suggested  that  an  independent  analysis  by  the  HTSB  Performance 
Group  of  the  tanker  testing  done  at  Edward's  Air  Force  Base 
(presumable  oh  the  EMB~120)  "should  be  done  to  ensure  the 
adequacy  of  the  conclusions  and  recommendations  atade  for  flight 
in  SLD  conditions  by  turboprop  aircraft." 

The  FAA  believes  that  the  majority  of  this  third  letter  is 
directed  more  to  the  NTSB,  rather  than  to  the  FAA  or  Qnbraer  for 
response,  particularly  in  regard  to  comparison  between  the  Comair 
accident  and  the  American  Eagle  accident.  The  FAA  has  addressed 
Comair* s  more  specific  concerns  regarding  the  initial  certifica¬ 
tion  and  oversight  of  the  EMB-120,  including  the  results  of  the 
tanker  testing,  in  the  enclosed  responses  to  the  first  letter. 

In  addition,  Ms.  Mary  Cheston,  FAA  Manager  of  International 
Airworthiness  Program  Staff  for  Aircraft  Certification,  offered 
during  the  August  20  meeting  to  make  a  formal  presentation  to  the 
NTSB  at  a  later  date  regarding  the  FAA  certification  of  foreign 
manufactured  aircraft  under  a  bilateral  airworthiness  agreement. 
The  FAA  believes  that  the  responses  to  the  specific  questions 
listed  in  the  first  letter,  in  addition  to  Ms.  Cheston 's  proposed 
presentation,  adequately  addresses  the  third  letter  of  June  16. 

The  subjects  of  each  of  these  letters  were  discussed  during  the 
August  20  meeting  held  at  NTSB  headquarters  with  Comair,  Embraer, 
the  Air  Line  Pilots  Association,  and  the  FAA.  At  the  conclusion 
of  that  meeting,  the  NTSB  announced  its  intention  to  have  the 
Aircraft  Performance  Group  conduct  a  detailed  analysis  of  all 
EMB-120  icing  certification  data,  including  the  results  of  the 
icing  tanker  tests  conducted  in  late  1995  at  the  Embraer 
facilities  in  Brazil.  The  FAA  plans  to  participate  in  this 
review,  and  Ms.  Carla  Northey,  FAA  Embraer  Program  Manager  and 
member  of  the  NTSB  Performance  Team,  will  support  this  effort. 

The  FAA  also  requests  that  Mr.  (Sene  Hill,  FAA  National  Resource 
Specialist  for  Icing,  be  allowed  to  participate  in  this  review 
even  though  he  is  not  a  formal  member  of  the  NTSB  team. 
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The  last  issue  discussed  briefly  during  the  August  20  meeting 
was  the  FAA  oversight  of  changes  to  operator's  nanuala  versus  EAA 
oversight  and  approval  of  airplane  flight  manuals.  This  topic 
was  the  subject  of  a  memo  (NTSB  Log  Number  97-101)  from 
Mr.  David  j.  Ivey,  NTSB,  addressed  to  the  EAA's  Recommendation 
and  Analysis  Division,  AAI-200,  which  included  a  number  of 
specific  questions.  The  FAA  Aircraft  Certification  members 
present  at  the  meeting  noted  that  a  written  response  to  each  of 
the  questions  in  the  memo  was  being  prepared  jointly  with  the 
Flight  Standards  Service  of  the  FAA.  The  FAA  agreed  that  if, 
after  reviewing  the  written  responses,  NTSB  had  additional 
questions  on  this  subject,  the  FAA  would  support  another  meeting 
with  the  NTSB  when  all  appropriate  FAA  specialists  could  be 
available. 

Sincerely, 


David  F.  Thomas 

Director  of  Accident  Investigation 


Enclosure 
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FAA  RESPONSES  TO  COMAIR  QUESTIONS  ADDRESSED  TO 
THE  NTSB  via  JUNE  16, 1997  LETTER 


Section  1  -  Initial  Certification  Process 

1.  During  the  testing  phase  of  iiutial  certification,  did  the  EMB-120  exhibit  any  advene  handling 
characteristics? 

FAA  RESPONSE;  The  Centro  Tecnico  AeroespacUl  (CTA),  the  Brazilian  Airworthiness 
Authority,  provided  constant  oversight  of  the  EMB-120  certificaffon  prograni,  and  participated  in 
all  certification  flight  tests.  The  FAA  has  had  no  ih&cation  oi  any  adverse  haiidling  characteristics 
exhibited  by  the  EMB- 1 20  during  this  certification  testing.  If  Etnbner  discovered  any 
characteristics  which  did  not  meet  FAR  25  or  RBHA  25  requiremenU  during  company 
development  testing,  they  would  have  had  to  take  whatever  steps  were  necessary  to  bring  the 
aircraft  into  compliance  prior  to  certification  testing.  This  procedure  would  be  the  same  fbr  any 
aircraft  manufacturer. 

2.  During  testing  of  actual  aerodynamic  stall,  did  the  aircraft  exhibit  a  roll-off  problem  with  roll 
rates  in  excess  of  FAA  certification  criteria? 

FAA  RESPONSE;  FAR  25.203  presents  the  stall  characteristics  requirements  for  the 
EMB-120.  FAR  25.203(b)  states  that  “For  wings  level  stalls,  the  roll  occurring  between  the  stall 
and  the  completion  of  the  recovery  may  not  exceed  approximately  20  degrees.”  Thus,  there  is  an 
acceptable  roll  angle  limit  of  20  degrees  in  wings  levd  stalls,  but  not  a  roll  rate  criteria. 

FAR  2S.203(c)  requires  “For  turning  flight  st^ls,  the  action  of  the  airplane  after  the  stall 
may  not  be  so  violent  or  extreme  as  to  make  it  difficult,  with  normal  piloting  skill,  to  effea  a 
prompt  recovery  and  to  regain  control  of  the  airplane.”  This  is  the  only  “roll  rate”  stall 
characteristics  criteria.  The  certified  type  design  of  the  EMB-120  includes  a  stall  barrier  system, 
which  provides  stall  warning  via  a  stick  shaker  and  stall  prevention  via  a  stick  pusher.  All  stall 
demonstrations  for  certification  were  conducted  with  the  aircraft  in  the  “production” 
configuration,  with  the  stall  barrier  system  installed.  Stall  recovery  was  prompted  by  the  stick 
pusher  and  acceptable  stall  characteristics  were  shown  with  the  stick  puAer  installed. 

The  FAA  has  reviewed  the  results  of  some  aerodynamic  stall  testing  conducted  by 
EMBRAER  during  company  development  testing.  Review  of  this  company  data  fwovided  no 
indication  that  the  action  of  the  airplane  after  an  aerodynamic  stall  is  so  violent  or  extreme  as  to 
nuke  it  difficult  to  effect  a  prompt  recovery  and  to  regain  control  of  the  urplane  using  nwmal 
piloting  skill. 

3.  If  the  roll  rates  at  the  stall  were  excestive,  by  what  margin  did  they  exceed  permissible  limits? 

FAA  RESPONSE:  See  response  to  Question  2. 

4.  Was  the  installation  and  certification  of  the  stick  pusher  necessitated  by  a  roll-off  problem 
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during  actual  stall? 

FAA  RESPONSE:  The  decision  to  install  a  stick  pusher  was  made  by  EMBRAER.  The 
details  of  this  decision  involves  infonnation  proprietary  to  EMBRAER.  However,  the  EMB>120 
with  the  pusher  installed  met  all  FAR  2S  stall  warning  and  stall  characteristics  requirements.  The 
testing  of  aerodynamic  stall  characteristics  b^nd  stick  pusher  is  not  required  by  the  FAA  duiiqg 
certification  of  aircraft  with  stall  barrier  systems  installed,  provided  the  s^  barrier  ^em  meets 
acceptable  reliability  criteria.  During  CTA  certification  evaluation  and  testirtg,  the  stall  barrier 
instailation  on  the  EMB>I20  was  found  to  reliably  provide  adequate  and  conastent  stall  wanuitg 
and  stall  prevention. 

5.  b  it  essential  that  the  stick  pusher  prey^  the  aircraft  fiom  reaching  an  actual  stall  condition, 
otherwise  the  posability  of  recovery  is  limited,  or  non^stent? 

FAA  RESPONSE;  The  FAA  has  reviewed  the  results  of  some  aerodynamic  stall  testing 
conducted  by  EMBRAER  during  company  development  testing.  Review  of  this  company  .data 
provided  no  indication  that  the  action  of  the  airplane  after  an  aerodynamic  stall  is  so  violent  or 
extreme  as  to  make  it  difficult  to  effect  a  prompt  recovery  and  to  r^ain  control  of  the  airplane 
using  normal  piloting  skill. 

Certification  testing  conducted  by  the  CTA,  and  validated  by  the  FAA,  included  stall 
demonstrations  to  show  compliance  with  FAR  25.203  with  the  stall  barrier  system  installed.  This 
certification  evaluation  included  wings  level  and  turning  flight  stalls,  both  1  l^sec  and  3  kt/sec 
entry  rate  tests,  in  all  appropriate  configurations,  both  in  a  “clean”  condition  and  with  ice  shapes 
installed.  These  demonstrations  showed  that  the  urplane  is  fully  recoverable  fi-om  a  stall  within 
the  certification  criteria  with  stall  recovery  prompted  by  the  stick  pusher. 

6.  How  is  the  “firing  angle-of-attack”  for  the  stick  pusher  determined  during  certification? 

FAA  RESPONSE;  Development  of  the  EMB-120  into  a  certifiable  configuration  was 
accomplished  by  EMBRAER  The  aircraft  handling  characteristics  at  the  firing  angle  of  attack 
selected  by  EhfflRAER  for  stick  shaker  and  stick  pusher  activation  was  found  to  meet  all 
certification  criteria. 

7.  At  what  margin  above  the  stall  does  the  stick  pusher  activate? 

FAA  RESPONSE;  The  actual  margin  between  aerodyiuunic  stall  and  stick  pusher  angl** 
of  attack  varies  with  aircraft  configuration  and  mach  number,  and  involves  infonnation  that  is 
proprietary  to  Embraer.  As  with  all  certification  programs,  certification  testing  is  eondtictftd  only 
for  the  final  type  design,  which  in  the  case  of  the  EMB>120,  includes  a  stall  barrier  (stick  pusher) 
system.  Therefore,  the  only  flight  test  data  available  for  definition  of  aerodynanuc  stall  is  Embraer 
company  development  data.  The  certification  testing  conducted  with  the  stall  barrier  ^em 
operative  and  with  the  stick  shaker  and  stick  pusher  schedules  defined  by  Embraer  were  used  to 
show  compliance  with  FAR  and  RBHA  25  requirements.  This  testing  showed  that  in  all 
configurations,  both  with  a  "clean”  airplane  and  with  the  airplane  contaminated  with  rimulated  ice 
shapes,  the  stall  barrier  schedules  were  adequately  set  to  provide  consistent  stall  warning  and  to 
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prevent  the  aircraft  fi-om  encountering  aerodynamic  atall,  provided  the  ice  protection  systems 
were  operated  properly. 

8.  What  was  the  actual  involvement  of  the  FAA  during  the  initial  certification  of  the  EMB-120? 

FAA  RESPONSE;  The  FAA  was  involved  in  the  US  certification  of  the  EMB-120 
throu^out  both  the  Brazilian  and  the  US  certification  prog^.  This  process  fonnafiy  started  at 
the  preliminary  type  board  meeting,  continued  through  two  interim  board  meetings  ^  validation 
«K£iit  testing,  and  concluded  with  the  final  type  certification  board  meeting  In  adtfition  to  these 
jformti  meetings  in  wluch  all  spedal^  areas  are  tyjncally  addressed,  a  total  of  twdve  additional 
specialist  meetings  were  held  with  the  FAA  during  the  three  year  certification  program.  As 
Embraer  applied  for  a  US  Type  Certificate  for  the  EMB-120  soon  after  qiplying  for  tiie  Braa^ 
TC,  many  ofthese  meetings  were  held  concurrently  with  the  CTA.  Under  the  BOato^d 
Airworthiness  Agreement  with  Brazil,  the  FAA  recognizes  CTA  as  competent  to  a|^ly  FAR  25 
certification  requirements.  However,  the  FAA  muntained  involvement  throughout  the 
certification  and  provided  guidance  on  acceptable  means  of  compliance  and  FAA  positions  on  any 
new  issues  and  new  means  of  compfiance.  The  FAA  retains  the  final  authority  on  equivalencies 
and  other  critical  issues,  and  ultimately  makes  the  finding  of  compliance  to  FAR  25. 

9.  The  terms  of  the  Bilateral  Airworthiness  Agreement  and  Annex  8  of  the  International  Civil 
Aviation  Organization,  notwithstanding,  was  there  comprehensive  flight  testing  conducted  by  the 
FAA? 


FAA  RESPONSE:  The  terms  of  the  Bilateral  Airworthiness  Agreement  (BAA)  between 
the  US  and  Brazil  are  never  “notwithstanding”.  The  BAA  is  a  formal  agreement  between  the  two 
countries  which  indicates  that  the  US  recognizes  the  CTA  as  a  competent  airworthiness  mifoority 
with  the  expertise  and  organization  to  apply  US  standards.  Under  the  terms  of  the  BAA  with 
Brazil,  as  with  other  countries,  the  FAA  conducted  validation  flight  tests  of  the  EMB-120  after 
the  CTA  indicated  they  had  found  compliance  with  FAR  25  requirements  applicable  to  the 
EMB-1 20.  These  FAA  validation  tests  covered  a  number  of  areas,  including  stalls,  but  were  no 
more,  or  less,  comprehensive  than  other  bilateral  validation  test  programs. 

In  addition  to  the  validation  flight  testing  conducted  for  the  initial  certification,  the  FAA 
has  also  conducted  flight  tests  assodated  with  oversight  of  cemtinuing  airworthiness.  The  FAA 
participated  directly  in  both  the  icing  tankw  tests  conducted  as  part  of  foe  supercoded  large 
droplet  icing  investigation,  and  in  foe  subsequent  handling  qualities  testing  with  the  SLD  sluqies 
installed  on  the  EMB-126. 

10.  If  comprehensive  flight  testing  wu  not  conducted  by  the  FAA,  were  there  sigruficam  issues 
involving  noncompliance  or  other  concerns  resdved  through  “issue  pliers,”  wdierdiy  the  FAA 
describes  its  position  on  a  certification  issue  and  the  methods  necessary  to  aclueve  regulatory 
compliance? 

FAA  RESPONSE;  COMAIR  is  corr^t  that  Issue  Papers  are  used  by  the  FAA  to  describe 
the  FAA  position  on  various  certification  issues  and  foe  methods  necessary  to  achieve  regulatory 
compliance.  These  issues  include  definition  of  foe  type  certification  basis,  application  of  new 
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criterii  and  procedures,  findings  of  equivalent  level  of  safety  to  existing  criteria,  and  often  simply 
clarification  of  acceptable  methods  of  compliance.  Issue  Papers  only  sometimes  relate  to 
‘^noncompliance*’.  As  with  all  type  certification  programs,  both  fbreign  and  domestic,  a  number  of 
Issue  Papers  were  prepared  for  the  EMB-120  certificatioa  Prior  to  the  issuance  of  the  US  type 
certificate,  all  applicable  Issue  Papers  on  the  EMB-120  were  satis&ctotily  dosed. 

11.  If  "issue  papers”  were  published,  did  the  PAAdd^ateovernght  to  the  CTA  to  ensure 
compliance? 

FAA  RESPONSE:  FAA  Issue  Papers,  which  describe  acc^table  means  of  compKanee, 
asrist  the  foreign  airworthiness  authority  in  applying  the  FAR  25  cotifieation  reqjinrements.  In 
most  cases,  FAA  ddegated  oversight  to  CTA,  as  is  normal  fbr  ^lateral  certification  programs. 
However,  in  some  cases,  such  as  for  Special  Conditions,  the  FAA  hu  maintained  dbser  oversight 
of  the  means  of  compliance,  since  a  Spedal  Condition  is  a  new  reqinrement  uriiich  may  encounter 
issues  not  anticipated  during  its  promulgation.  All  findings  ofcon^liance  were  ultimately  made 
by  the  FAA. 

12.  In  the  review  of  actual  flight  test  data  by  the  FAA,  was  h  detemuned  if  there  was  a  iteed  to 
duplicate  any  tests  or  portions  of  tests  by  the  FAA? 

FAA  RESPONSE;  As  previously  stated  in  response  to  Questions  8  and  9,  the  FAA 
conducted  validation  flight  tests  on  the  EMB-120  after  the  CTA  indicated  that  th^  had  found 
compliance  with  FAR  25  requirements.  This  validation  testing  is  conducted  primarify  to  provide 
the  FAA  pilots  with  familiarity  with  the  airplane,  and  generally  includes  a  variety  of  tests. 

Because  this  is  a  “validation”  of  testing  that  has  already  been  conducted,  it  will  always  duplicate 
the  original  certification  testing.  In  addition  to  the  "standard”  set  of  validation  tests,  the  FAA  will 
typically  review  portions  of  the  flight  test  data  results  to  determine  if  any  areas  of  particular 
interest  should  be  included.  In  review  of  the  CTA  certification  test  data  for  the  EMB-120,  the 
FAA  found  no  need  to  go  beyond  the  normal  validation  exercise. 

Section  2  -  Icing 

1 .  During  the  initial  certification  of  the  EMB-120,  did  the  FAA  conduct  at^  flight  tests  in  icing 
conditions? 

FAA  RESPONSE;  No. 

2.  If  the  FAA  did  not  conduct  flight  tesfing  in  idng  conditions,  to  what  extern  did  the  FAA 
delegate  compliance  oversight  to  the  CTA  in  Brazil? 

FAA  RESPONSE;  The  CTA  participated  in  all  natural  khig  flight  tests  on  the  EMB-120. 
The  CTA  also  participated  in  all  tests  with  simulated  ice  shapes.  In  accordance  with  Inlateral 
procedures,  the  FAA  relied  on  the  CTA  to  apply  the  FAR  25  requirements  during  thdr 
evaluations.  The  FAA  reviewed  the  results  of  both  the  natural  idng  and  simulated  idng  tests 
prior  to  US  approval  of  the  EMB-120  for  flight  into  known  idng  and  ultimately  made  the  fimtiny 
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of  compliance  to  FAR  25  requirements. 

3.  During  the  review  by  the  FAA  of  flight  test  daU,  was  there  any  evidence  that  the  aircr^  nay 
not  actually  have  been  tested  in  idng  conditions  described  in  the  certification  documentation,  e.g. 
the  use  of  “test  dau  points,”  not  near  the  boundaries  of  Appmdbc  C  certification  criteria? 

FAA  RESPONSE;  No.  During  natural  idng  tesu  nummus  idng  encounters  were 
recorded,  several  of  which  exceeded  FAR  25,  Appendix  C  boundaries  fi>r  contiinious  naxitnum 
and  intermittent  maximum  atmospheric  idng  conditions  in  terms  of  liquid  water  content. 

4.  Subsequent  to  die  ATR-72  acddent  at  RosebU'V  in  reqionse  to  a  recommendation  in  the  SCR 
of  the  ATR-72,  the  FAA  did  a  series  of  roD  evaluations  oftranqmrt  catqgoty  turboprop  aircraft 
The  EMB-1 20  failed  the  high  speed  taxi  test  with  a  dmulated  ice  ihi^  in  the  form  of  a  quarter 
round  installed  on  the  upper  wing,  in  front  of  the  ailerons.  AD^edly,  the  roll  control  forces  were 
in  excess  of  the  FAR  limits  Was  the  failure  of  this  test  the  bads  for  the  deddon  to  do  airborne 
testing  behind  the  tanker? 

FAA  RESPONSE;  The  purpose  of  the  FAA's  Phase  II  Idng  Program  was  to  determine 
that  there  were  no  unsafe  conditions  related  to  roll  upset  suscqitibUity  ndien  operating  in  certun 
freezing  drizzle  conditions  outside  the  FAR  25  Appendbc  C  idng  envdope.  The  Phase  II  program 
was  used  to  screen  aircraft  with  unpowered  roll  controls  and  pneumatic  de-ice  boots  used  in 
regularly  scheduled  passenger  service.  The  high  speed  taxi  test  was  one  of  the  FAA  approved 
methods  for  screening  the  airplane.  The  FAA  believed  the  continuous  1”  high  quarter  round 
shape  attached  to  the  upper  iving  surface,  ahead  of  the  ailerons,  was  a  conservative  shape  that 
would  likely  produce  a  more  severe  aerodynamic  effect  on  the  aileron  than  ice  accreted  during  a 
freezing  drizzle  encounter. 

The  EMBRAER  test  technique  ivas  to  apply  the  quarter  round  shape  to  both  wings  and 
jettison  one  wring  shape  in  flight.  High  speed  taxi  tests  were  formed  oidy  to  verify  the 
operation  of  releasing  devices  necessary  to  jettison  the  shape  in  flight.  Following  the  high  speed 
taxi  test,  EMBRAER  elected  to  perform  a  more  representative  flight  test.  During  these  fli^t 
tests,  the  measured  roll  control  forces  exceeded  the  FAA’s  evaluation  criteria. 

Since  the  airplane  exceeded  the  roll  control  force  criteria,  EMBRAER  conducted  the 
tanker  testing  to  determine  the  shape,  location,  dimenaon  and  texture  of  the  ice  accreted  on  the 
airplane  during  a  freezing  drizzle  encounter.  These  teats  were  to  qaedfically  define  the  actual 
characteristics  of  the  ice  shape  rather  than  the  arbitrary  and  conservative  shape  selected  by  the 
FAA.  The  tanker  test  was  also  used  to  determine  whether  visual  cues  wrere  adequate  for  the  |^ot 
to  identify  a  freezing  drizzle  encounter.  Artifidal  ice  th^ies  determined  by  the  FAA  idng  team  to 
be  a  conservative  representation  of  the  ice  accreted  during  the  tanker  tests  were  then 
manufactured  and  flight  tests  were  performed  with  those  shapes  attached  to  the  upper  surfooe  of 
the  wing  behind  the  de-ice  boots  to  evaluate  the  roll  characteristics  ofthe  urplane. 

5.  What  was  the  protocol  used  in  the  tanker  tests  conducted  during  the  time  frame  September, 
1995  to  January,  1996? 

FAA  RESPONSE:  The  EMB-120  tanker  test  was  conducted  during  the  period  December 
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3  &  4, 1995,  in  tccordance  with  an  FAA  approved  test  plan.  EMBRAER  aummarized  the  testing 
conducted  in  Operations  Bulletin 

6.  Was  the  environment  behind  the  tanker  intended  to  replicate  the  conditions  found  within  the 
envelope  of  Appendix  C  for  a  period  of  45  minutes  in  holding? 

FAA  RESPONSE:  No.  The  primary  purpose  ofthe  tanker  test  was  to  characterize  the 
accreted  ice  shapes  on  the  EMB-120  during  an  exposure  to  conditions  outside  Appendix  C.  The 
test  was  also  designed  to  determine  whether  visual  cues  existed  to  alert  the  flighted  that  they 
were  outside  of  Appendix  C.  The  tanker  test  was  not  imended  to  r^licate  the  previous 
certification  testing  of  the  EMB-120. 

However,  one  research  test  point  was  done  to  investigate  whether  lunback  ice  would 
acaete  within  Appendix  C  idng  conditions  at  near  freezing  tenqreratures.  Thit  test  pmnt  targeted 
a  45  minute  hold  condition,  but  was  terminated  after  36  minutes  because  there  was  no  indication 
of  rtinback  ice  and  the  tanker  ran  out  of  water.  Since  no  ninback  ice  accreted  during  the  first  36 
minutes  of  the  test,  it  was  determined  that  no  additional  research  testing  of  this  condition  ««s 
needed. 

7.  What  methods  were  used  to  determine  the  MVD  (mean  volumetric  diameter)  and  LWC  (liquid 
water  content)  of  the  water  droplets  belund  the  tanker?  In  the  past,  alternate  methods  have 
produced  different  results. 

FAA  RESPONSE:  During  the  tanker  testing,  three  different  instruments  were  used  to 
measure  the  full  range  of  tanker  cloud  droplet  sizes  from  8  microns  to  800  microns  in  overlapping 
size  ranges:  the  Forward  Scattering  Spectrometer  Probe  (FSSP)  from  8  to  74)iin,  ID-C  probe 
from  83.5  to  300^m,  and  2D-C  probe  from  104  to  800pm.  This  instrumentation  was  installed  on 
a  Leaijet  which  was  used  as  a  chase  plane  during  the  tests. 

There  were  no  anomalies  reported  during  the  flight  tests.  Data  processing  techniques  are 
described  in  “Processing  Data  from  Particle  Measuring  Probes  for  Idng  Certification”  by  Ray 
Hobbs,  Brian  Morrison,  and  Darrel  Baumgardner,  presented  at  the  International  Idng 
Symposium,  September,  1995,  Montreal.  Additional  modifications  to  the  processing  techniques 
for  the  ID-C,  and  2D-C  probes  are  described  in  “Modifying  the  NCAR  Processing  Technique”  by 
Ray  Hobbs,  October,  1995. 

8.  During  the  tanker  testing,  was  there  an  attempt  to  replicate  the  conditions  used  during  the  taxi 
test? 


FAA  RESPONSE:  No.  The  purpose  ofthe  tanker  test  was  only  to  characterize  the 
acaeted  ice  shapes  on  the  EMB-120  during  a  freezing  drizzle  encounter,  and  to  detemune 
whether  satisfactory  visual  cues  existed  to  allow  the  crew  to  identify  severe  idng  conditions.  The 
taxi  test  was  only  designed  to  screen  the  aircraft  for  susceptibility  to  roll  anomalies  with  an 
artificial,  continuous  1  “  high  quarter  round  shape  attached  on  the  upper  wing  ahead  ofthe  aileron. 

9.  What  airspeeds  were  used  during  testing? 
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FAA  RESPONSE;  Speeds  representative  of  the  EMB-120  in  holding  conditions  of  175 
KIAS  and  1 65  KIAS  were  used  during  the  tanker  testing.  The  minimum  acceptable  test  speed  of 
the  tanker  was  165  KIAS. 

10.  What  maneuvers  were  used  to  assess  the  handling  qualities  of  the  aircraft  (levd  flight, 
^>proach  to  stall,  turns)? 

FAA  RESPONSE;  Handling  qualities  were  evaluated  during  the  tanker  testing  onfy  u  a 
build  up  to  detennine  whether  h  was  safe  to  proceed  to  the  imxt  test  pcnnt.  Since  the  area 
sprayed  by  the  tanker  is  limited  to  approximatdy  9  feel,  the  ice  was  accreted  across  a  rdadvdy 
small  area  of  one  wing.  The  ice  accreted,  thereft>re,  would  not  be  rq>resentative  c^that  occurring 
during  a  natural  ice  encounter. 

The  purpose  of  the  tanker  test  was  to  characterize  the  ice  shapes  accreted  on  the  wiitg. 
Handling  qualities  were  then  evaluated  during  dry>air  testing,  with  rirnulated  ice  shares  installed 
on  the  upper  surface  of  the  wing.  These  tesU  did  include  level  flight  approach  to  st^  and  turns. 

1 1 .  During  flight  testing  behind  the  tanker,  was  there  any  evidence  of  the  deterioration  of  roll 
control  as  demonstrated  during  the  taxi  test? 

FAA  RESPONSE;  No  evidence  of  deterioration  of  roll  control  was  experienced  during 
the  tanker  testing,  nor  in  high  speed  taxi  tests.  High  speed  taxi  tests  were  performed  by 
EMBRAER  only  to  verily  the  operation  of  releasing  devices  necessary  to  jettison  the  shape  in 
flight. 

12.  Did  the  test  aircraft  experience  any  undue  buffeting  from  the  effects  of  idng? 

FAA  RESPONSE;  No  buffeting  was  reported  during  the  icing  tanker  tests. 

13.  If  buffeting  occurred,  at  what  airspeed  did  it  occur? 

FAA  RESPONSE;  No  buffeting  was  repotted. 

14.  How  was  the  minimum  speed  in  icing  conditions  (160  knots)  derived? 

FAA  RESPONSE;  The  160  knot  minimum  speed  was  defined  by  EMBRAER  as  the 
recommended  holding  speed  for  icing  conditions  during  the  original  icing  certificatimi  for  the 
EMB>120.  The  simulated  ice  shapes  on  unprotected  sur&ces  used  for  the  handling  qualities  and 
stall  testing  prior  to  idng  approval  were  defined  uring  the  leading  edge  imfringement  criteria 
assodated  with  this  speed.  These  tests  demonstrated  that  the  aircraft  can  be  maneuvered  at  this 
speed  (160  KIAS)  up  to  30*  of  bank  angle,  the  maximum  bank  angle  tyincally  used  during 
holding,  with  an  adequate  stall  margin  to  the  buffeting  boundary,  stick  shaker  and  stick  pusher 
with  these  ice  shapes  on  the  aircraft.  In  addition,  the  natural  idng  tests  were  conducted  to  verify 
that  this  minimum  operating  speed  was  satisfactory.  These  tests  demonstrated  that  the  EMB-120 
meets  all  FAR  25  requirements  during  flight  in  icing  conditions,  provided  the  ice  protection 
systems  are  properly  activated. 
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15.  Were  the  handling  qualities  of  the  aircraft  assessed  with  ice  on  the  protected  suiftces,  but 
with  the  de-ice  system  not  active? 

FAA  RESPONSE:  Handling  characteristics  up  to  3/4  inch  ice  accreted  on  protected 
auflioes  were  qualitatively  evaluated  during  the  natural  icing  certification.  In  addition,  detailed 
handling  qualities  testing  was  conducted  duiiiig  the  Canadian  certification.  A  one  indi  ice  shape 
wu  applied  to  all  protected  surfaces  as  weU  as  ice  shapes  on  the  uiqrrotected  sutftoes  for  those 
tests. 

16.  Ifthis  aspect  ofidng  tolerance  was  tested,  bow  much  ke  was  accreted? 

FAA  RESPONSE:  See  response  to  question  15. 

17.  Was  testing  conducted,  specifically,  to  determine  the  tolerance  of  the  EMB-120  to  SLD 
conditions  outside  the  Appendix  C  envelope? 

FAA  RESPONSE:  Yes.  As  pre^nously  stated,  EMBRAER  conducted  testirig  of  the 
EMB-120  in  cooperation  with  the  FAA  Phase  n  icing  program  to  screen  airplanes  for 
susceptibility  to  roll  upset  during  or  after  flight  in  certain  fieezing  drizzle  conditions  (which  are,  of 
course,  outside  Appendix  C). 

18.  What  criteria  were  used  to  assess  the  ability  of  the  aircraft  to  operate  in  SLD  icing  long 
enough  for  the  crew  to  recognize  the  SLD  environment  and  erdt  it? 

FAA  RESPONSE:  As  previously  stated,  the  FAA  determined  fi’om  the  results  of  the  idng 
Unker  tests  that  the  visual  cues  associated  with  the  SLD  icing  conditions  on  the  EMB-120  are 
adequate  to  allow  the  flightcrew  to  identify  severe  icing  conditions.  Additionally,  the  roll  control 
characteristics  testing  of  the  EMB-120  in  SLD  conditions  conducted  in  early  1996  by  the  FAA 
and  CTA  showed  that  once  the  flightcrews  activate  the  de-ice  system,  the  haling  characteristics 
of  the  EMB- 1 20  are  adequate  to  allow  the  crews  to  safely  exh  the  severe  idng  conditions.  The 
criteria  used  to  assess  the  EMB-120  roll  control  capability  following  flight  in  SLD  were  the  same 
as  those  used  for  similar  evaluations  of  other  turboprop  aircraft  with  utqxrwered  rdl  controls. 

19.  Was  tanker  testing  conducted  at  night  to  assess  the  ability  of  the  crew  to  identify  and  evaluate 
SLD  under  those  conditions? 

FAA  RESPONSE:  No  tanker  testing  was  conducted  at  night.  However,  original 
certification  testing  demonstrated  that  the  wing  ice  inqrection  fi^ts  provide  tuffident  illumination 
to  allow  the  flight  crew  to  visually  inspect  the  wing  leading  edges,  propdler  qnrmen,  and  engine 
air  inlet  lips.  As  presemed  in  the  EMB-120  AFM  and  in  EMB-120  Operatiotia]  Bulletin  No. 
120-002/96,  one  of  the  best  visual  cues  for  severe  idng  on  the  EMB-120  it  accumulation  of  ice 
on  the  propeller  spinner  farther  aft  than  normally  observed.  Since  this  area  it  illuminated  by  the 
wing  inspection  lights,  and  the  lights  must  be  operative  prior  to  dispatch  at  night  imo  idng 
conditions,  the  FAA  believes  this  concern  has  l^n  adequately  addressed. 
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20.  What  flight  test  data  exists  to  support  an  assertion  that  the  EMB>120  is  safe  to  operate,  up  to 
recognition  and  exit,  of  SLO  icing  conditions? 

FAA  RESPONSE:  Based  on  the  tanker  test  data,  the  FAA  has  detemuned  that  the  tnsual 
cues  nK>riatf<<  with  the  SLD  king  conditions  on  the  EMB-120  are  adequate  to  iflow  ^ 
flightcrew  to  identify  severe  icing  conditions.  Additionally,  the  roll  control  dtaracteristics  testing 
of  the  EMB-120  with  artificial  ice  shapes  detemuned  hy  the  FAA  iditg  team  to  be  a  conservative 
representation  of  the  ice  acaeted  du^  the  tanker  tesu  conducted  in  earfy  1996  by  the  FAA  and 
CTA  has  shovm  that  the  handling  characteristics  of  the  EMB-120  are  adequate  to  allow  the  crews 
to  safety  exit  the  severe  icing  conditions.  This  testing  wu  bated  on  the  auun^on  that  the 
flightcrews  would  properly  activate  the  de-ice  systems.  Therefore,  Emulated  ice  shapes  were 
installed  only  aft  of  the  protected  areas. 

21 .  What  were  the  worst  SLD  conditions  experienced  in  flight  testing? 

FAA  RESPONSE:  The  tanker  test  condition  varied  fiom  104  to  135  |im  MVD  arid  .59  to 
.86  g/m3  LWC.  Since  SLD  conditions  are  outside  the  Appendix  C  envelope,  the  natural  ice 
testing  would  not  have  included  results  of  an  SLD  encounter. 

22  Did  the  FAA  do  any  icing  testing  with  any  foreign  airwortluness  authorities  other  than  the 
CTA  in  Brazil? 

FAA  RESPONSE:  No.  The  FAA  did  not  participate  in  icing  testing  of  the  EMB-120 
with  any  foreign  airworthiness  authority  other  than  the  CTA. 

23.  If  testing  with  other  airworthiness  authorities  was  accomplished,  are  there  published  results 
of  such  testing? 

FAA  RESPONSE:  See  response  to  question  22. 

24.  During  the  original  icing  certification,  it  was  expected  that  pilots  would  wait  for  1/4  to  1/2  of 
inch  of  ice  to  build  up  prior  to  activation  of  the  boou.  Under  these  cmiditions,  was  the  fiill 
maneuvering  envelope  of  the  aircraft  available  with  that  amount  of  ice  on  the  aircraft? 

FAA  RESPONSE:  Handling  charactoistics  with  1/4, 1/2  and  3/4  incb  ke  accretions  on 
protected  surfaces  were  qualitatively  evaluated  duriiig  the  CTA  natural  icing  certification  flight 
tests.  In  addition.  Transport  Canada  required  testing  adth  1  inch  ice  shares  on  all  protected 
surfaces  and  45  minute  ice  shapes  on  unprotected  surftces,  prior  to  Canadian  certification  in 
1989.  These  stall  characteristics  tests  showed  it  was  postible  to  slow  the  aircraft  beyond  shaker 
speed  to  the  pusher  speed,  with  demonstrated  ntisfactory  handling  and  no  tendency  for  Ion  of 
control. 

25.  Specifically,  were  the  handling  qualities  at  stick  shaker  onset  and  stall  assessed  during  iciitg 
conditions? 
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FAA  RESPONSE;  Stall  warning,  (taQ  speed,  stall  characteristics  and  other  handling 
qualities  evaluations  were  satisfactorily  conducted  with  emulated  ice  shapes  installed  on 
unprotected  surfaces.  The  ice  shapes  used  for  these  tests  exceeded  the  45  ninute  bold  in  the 
naxiinum  continuous  icing  conditions  of  FAR  25  Appendix  C.  Various  rimulated  ftilures  of  the 
ice  protection  systenu  we-e  also  tested  during  the  handling  qualhies  cvahiitioa. 

26.  Was  the  required  maneuver  mar^  to  stall  still  available  at  the  onset  of  the  stick  shaker  with 
the  ice  accumulated? 

FAA  RESPONSE;  It  it  not  dear  what  is  meant  by  the  ‘‘maneuver  margb  to  stalT  it  the 
onset  of  stick  shaker.  FAR  25.207(c)  requires  that  the  “stall  warning  must  begin  at  a  speed 
exceeding  the  stalling  speed.. .by  seven  percent  or  at  any  lesser  mar^  if  the  stall  wanung  hu 
enough  clarity,  duration,  and  distinctiveness,  or  rimilar  properties.”  The  EMB-120  certification 
testing  with  ice  shapes  installed  demonstrated  compliance  to  this  requirement  for  stall  wanung 
margin,  both  for  CTA,  FAA  and  DOT  Canada. 

27.  If  it  was  performed,  are  there  published  reports  of  such  testing? 

FAA  RESPONSE;  Yes.  Embraer  prepared  fiight  test  reports  to  show  compliance  to 
cenification  requirements. 

28.  What  criteria  did  the  FAA  use,  initially,  in  determining  that  the  pilots  should  not  wait  for  any 
ice  to  build  up,  but  they  should  turn  on  the  de-ice  system  at  first  recognition  of  idng  conditions? 

FAA  RESPONSE;  While  at  Edwards  Air  Force  Base  for  the  icing  tanker  tests  of  the 
EMB-120,  FAA,  CTA,  and  EMBRAER  representatives  reviewed  the  reported  EMB-120  roll 
upset  events.  It  became  apparent  during  this  review  that  there  was  no  indication  of  de-ice  boot 
activation  prior  to  any  of  the  upset  events  and  that  airspeed  was  allowed  to  deteriorate.  It 
appeared  that  in  all  of  the  events,  the  flightcrew  had  either  not  recognized  that  they  were  in  icing 
conditions  or  had  waited  too  long  to  activate  the  boots,  and  did  not  recognize  the  loss  in  airplane 
performance  resulting  from  the  accumulated  ice.  Subsequent  to  the  meeting,  EMBRAER 
proposed  a  change  to  the  AFM  to  require  activation  of  the  de-ice  boots  at  the  first  indication  of 
ice.  The  FAA  discussed  the  proposal  with  the  de-ice  boot  manuftctufer  and  with  several 
operators  to  determine  whether  “bridging”  of  the  de-ice  boots  was  a  concern. 

The  de-ice  system  of  the  EMB-120  is  controlled  by  a  timer  that  inflates  the  de-ice  boots 
in  a  3  minute  cycle  in  light  mode  and  1  minute  in  the  heavy  modes.  Since  there  are  approximatriy 
one  or  three  minutes  when  the  boots  are  deflated,  h  is  likely  that  infiation  cycles  bad  already  been 
occurring  in  service  with  less  than  the  eariier  recommended  1/4  to  1/2  inch  ice  accumulation.  No 
bridging  was  evident  during  the  EMB-120  natural  idng  testing,  even  when  the  ice  protection 
system  was  activated  at  the  first  detection  of  idng.  Photographs  indicated  only  a  light  reddual  of 
ice  particles  remaining  on  the  boot  surface.  Additionally,  de-idng  system  technology  hu 
improved  over  the  years  to  include  higher  pressuru,  sn^ler  chamb^  more  rapid  inflation  and 
deflation,  and  greater  coverage  of  the  leading  edge,  which  incrused  the  system’s  ability  to  shed 
smaller  accretions.  The  FAA  was  able  to  find  no  documented  evidence  of  “brid^ng”  occurring 
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on  the  EMB-I20  and  therefore  approved  the  AFM  revison  lo  that  the  fllghtcrew  would  not  be 
required  to  assess  the  thickness  of  the  ice  accretion  prior  to  activating  the  boots. 

29.  What  Actual  data  exists  to  support  the  most  current  procedure  for  selection  of  one  of  two 
auto  modes  for  de-ice  operation  at  the  first  indication  of  icing  conditions? 

FAA  RESPONSE:  See  response  to  question  28. 

30.  Recognizing  that  in  the  future,  circumstances  may  change,  does  the  FAA  anticipate  that  any 
fiirther  icing  tests  of  the  EMB-I20  wOl  be  carried  out? 

FAA  RESPONSE:  The  FAA  currently  plans  no  fiirther  icing  tests  of  the  EMB-120.  The 
FAA  has  requested  that  Embraer  conduct  further  research  into  the  effect  of  reridual  and 
inter-cycle  ice  on  the  protected  surfaces. 

31.  Is  it  the  opinion  of  the  FAA  that  the  proposed  AD  adequately  addresses  the  problems  that 
led,  either  directly  or  indirectly,  to  the  icing  upsets  of  the  EMB-120? 

FAA  RESPONSE:  The  AD  proposal  was  prompted  by  r^its  indicating  that  flightcrews 
experienced  difficulties  controlling  the  airplane  during  (or  following)  flight  in  normal  idng 
conditions,  when  the  ice  protection  system  ether  was  not  activated  when  ice  began  to  accunuilate 
on  the  airplane,  or  the  ice  protection  system  was  never  activated,  and  airsp<^  was  allowed  to 
deteriorate.  These  difficulties  may  have  occurred  because  the  fiightcrews  did  not  recognize  that  a 
significant  enough  amount  of  ice  had  formed  on  the  airplane  to  require  activation  of  the  dadng 
equipment,  and  the  loss  in  airplane  performance  resulting  fi’om  the  accumulated  ice.  The  actions 
specified  by  the  proposed  AD  are  intended  to  ensure  that  the  flightcrew  is  able  to  recognize  the 
formation  of  significant  ice  accretion,  take  appropriate  action,  and  maintain  a  proper  speed.  It  is 
the  FAA  opinion  that  installation  of  an  ice  detector  and  reriang  AFM  procedures  to  require 
activation  of  the  ice  protection  systems  at  the  first  sign  of  ice  accumulation  and  to  maintain  a 
satisfactory  minimum  speed  will  assist  the  flightcrews  in  recognizing  idng  conditions  and  taking 
appropriate  action. 

32.  What  factual  data  supporu  the  assertion  that  during  the  potential  encounter  of  icing 
conditions,  operation  of  the  autoflight  system  should  be  restricted  to  the  1/2  bank  mode? 

FAA  RESPONSE:  This  was  a  recommendation  made  by  Embraer  for  flight  in  severe 
idng  conditions  in  their  Operational  Bulletin  120-002/96  u  a  result  of  the  Phase  II SLD  testit^. 
However,  in  the  Phase  II  AD’s,  the  FAA  prohibited  the  use  of  the  sutopilot  in  severe  ice 
conditions  for  all  aircraft  for  standardization. 

In  the  same  Operational  Bulletin,  Embraer  also  recommended  restriefing  the  use  of  the 
autopilot  to  the  1/2  bank  mode  during  flight  in  ‘^lOtmaT  idng  conditions.  FAA  certification 
testing  demonstrated  that  the  EMB-120  had  adequate  handling  characteristics  with  dmulated  ice 
shapes  on  the  unprotected  surfaces  throughout  the  approved  operational  envelope.  Since  the 
control  characteristics  of  the  airplane  were  acceptable,  the  FAA  found  no  reason  to  limit  the  use 
of  the  autopilot  for  certification.  It  is  not  clear  why  Embraer  made  this  recommendation,  except 
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perii^s  to  provide  a  consent  flightcrew  procedure  for  aH  operations  in  idng  conditions. 

33.  At  28  degrees  of  bank  is  there  a  difference  in  controllability  between  an  airplane  being  flown 
ananually  and  one  being  flown  by  the  autoi^ot? 

FAA  RESPONSE:  No.  The  controUaNIityoftbe  airplane  remains  the  same. 
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FLIGHT  STANDARDS  REGULATIONS 
AND  GUIDANCE  MATERIAL 


Task  1.  Improve  training  and  operation  regulations  and  guidance 
material  related  to  icing.  _ 


A.  The  FAA  will  require  Principal  Operations  Inspectors  to  ensure  that  training 
programs  for  persons  operating  aircraft  under  parts  121  and  135  of  the  Federal 
Aviation  Regulations  (14  CFR  parts  121  and  135)  include  information  about  flight 
into  freezing  rain/freezing  drizzle  conditions  as  well  as  conventional  icing 
conditions. 


PLAN  DETAILS.  TASK  I.A.; 

Responsible  Party;  Flight  Standards  Service. 
Schedule: 


•  March  1997:  Completed  Flight  Standards  Handbook  (Information)  Bulletin  requiring 
POI’s  to  ensure  that  training  programs  include  information  about  all  icing  conditions 
including  flight  into  freezing  drizzle  and  freezing  rain. 

B.  A  working  group  will  review,  revise,  and  develop  regulations  and  advisory  material 
as  necessary  to  accomplish  the  following: 

•  Ensure  that  icing  terminology  (e.g.,  known,  forecast,  observed,  trace,  light, 
moderate,  severe,  and  "Appendix  C”  icing)  is  used  consistently  and  clearfy  by 
Ac  Flight  SUndards  Service,  pilots,  dispatchers,  the  National  WeaAer  Service 
(NWS)  Aviation  WeaAer  Center,  Ae  Aircraft  Certification  Service,  and  Air 
Traffic. 

•  Update  guidance  related  to  icing  reporting  and  pilot,  Air  Traffic  Control,  and 
dbpatcher  actions. 

•  Provide  advisory  information  concerning  ice  bridging. 

•  Consider  the  need  for  an  icing  regulation  Aat  is  applicable  to  all  general 
aviation  aircraft  operated  under  part  91  of  the  Federal  Aviation  Regulations 
(14  CFR  part  91),  since  section  91.527  does  not  apply  to  most  general  aviation 
aircraft. 
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•  Direct  Principal  Operations  Inspectors  to  ensure  that  all  air  carriers  that 
operate  aircraft  under  part  121  of  the  Federal  Aviation  Regulations  (14  CFR 
part  121)  require  their  dispatchers  to  provide  pertinent  weather  information  to 
flight  crews. 

•  Require  that  Hazardous  Inflight  Weather  Advisoiy  Service  broadcasts  include 
pertinent  weather  information. 


FLAN  DETAILS.  TASK  l.B.: 

The  review  includes,  but  is  not  limited  to,  the  following  documents: 

a.  Aeronautical  Information  Manual  (AIM) 

b.  Advisory  Circular  91-51 

c.  ATC  Handbooks  71 10.65  and  71 10.10 

d.  Advisory  Circular  135-9 

e.  Winter  Operations  Guide 

f  Sections  91.527,  135.227,  and  121.341  of  parts  91, 135,  and  121, 

respectively,  of  the  Federal  Aviation  Regulations  (14  CFR  91.527, 
135.227,  and  121.341) 

g.  FAA  Order  8400. 1 0 

h.  Weather  Service  Operations  Manual  (WSOM),  Chapter  D-22. 


The  working  group  will  also  review  the  following  documents  and  will  attempt  to 
coordinate  with  the  international  organizations  that  publish  these  documents.  (The  working 
group  has  no  authority  to  revise  the  documents.) 

a.  International  Civil  Aviation  Organization’s  Manual  of  Aeronautical 
and  Meteorological  Practice  (Document  8896-AN/893/4) 

b.  World  Meteorological  Organization’s  Annex  3. 

Responsible  Parties:  Flight  Standards  Service;  Aircraft  Certification  Service;  FAA  Technical 
Center;  Aviation  Weather  Center;  and  Air  Traffic. 

Schedule: 


•  March  1997:  Completed  Flight  Standards  Handbook  (Information)  Bulletins  on 
Freezing  Drizzle  and  Freezing  Rain  training  and  pilots’  and  dispatchers’ 
responsibilities  regarding  pilot  reports  (PIREPS). 

•  February  1999:  Complete  revisions  to  the  FAA  material  listed  above. 

•  April  1 999:  Determine  Aether  or  not  a  rule  change  is  required. 
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C.  The  FAA  will  explore  the  feasibility  of  mcorporating  icing  performance  and 
handling  characteristics  in  airplane  training  simulators. 


PLAN  DETAn.S.  TASK  LC.: 

To  enhance  pilot  awareness  of  the  effects  of  inflight  icing,  how  inflight  icing  affects 
aiiplane  performance,  and  to  provide  realism  to  pilot  training  in  an  infhght  icing  environment, 
the  FAA  will  explore  the  feasibility  of  incorporating  icing  perfoimance  and  handling 
characteristics  in  airplane  training  simulators. 

Responsible  Parties:  Flight  Standards  Service;  Simulator  Team;  Aircraft  Certification  Service. 
Schedule:  December  1997:  Complete  feasibility  study. 

D.  The  FAA  will  participate  with  appropriate  organizations  to  encourage 
coordination  among  manufacturers,  operators,  associations,  and  organizations, 
research  communities,  and  pilots  in  the  international  community  for  development  of 
inflight  icing  training  aids  (written,  pictorial,  video,  etc.)  and  advisoiy  materiaL 


PLAN  DETAILS.  TASK  I.D.; 

Responsible  Party:  FAA  Icing  Steering  Committee. 
Schedule:  Ongoing. 
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ICING  FORECASTING 


Task  2,  Improve  the  quality  and  dissemination  of  icing  weather 
information  to  dispatchers  and  flight  crews. 


A.  The  FAA  will  continue  sponsoring  icing  forecasting  research  that  is  intended  to 
refine  the  data  and  information  being  provided  to  forecasters  at  the  Aviation  Weather 
Center  (AWC)  in  Kansas  City  to  improve  the  ability  to  forecast  inflight  icing,  including 
icing  due  to  SLD. 


PLAN , PET AILSi  TASK  2tAt‘ 

The  FAA  sponsors  icing  forecasting  research  though  the  AWR  program  under  FAA 
Aviation  Weather  Research  Program,  AUA-460.  Inflight  icing  is  currently  AWR’s  highest 
priority.  Present  work  continues  a  seven-year  history  of  FAA  research  in  icing.  Activities 
described  under  paragraphs  A.  and  B.  of  this  task  are  described  in  greater  detail  in  ”FAA  In- 
Flight  Icing  Product  Development  Plan:  FY97  &  FY98,”  dated  October  15, 1996.  The  program 
also  has  provided  leveraging  of  funds  through  cooperation  with  the  National  Science  Foundation, 
National  Center  for  Atmospheric  Research  (NCAR),  National  Oceanic  and  Atmospheric 
Administration  (NOAA),  National  Air  and  Space  Administration  (NASA),  Department  of 
Defense  (DOD),  NWS,  various  universities,  and  the  private  sector.  The  FAA  has  provided 
funding  for  three  major  field  validation  experiments:  the  Winter  Icing  and  Storms  Projects 
(WISP)  in  the  winters  of  1989-90, 1992-93,  and  1994-95.  Planning  is  underway  for  a  joint 
fieezing  drizzle  program  with  NASA  Lewis  Research  Center  (LeRC)  during  the  winter  of  1996- 
97  and  for  another  WISP  field  effort  in  the  winter  of  1997-98. 

The  present  AWR  program  direction  is  to  refine  the  data  and  infonnation  being  provided 
to  forecasters  at  the  AWC  in  Kansas  City  to  improve  the  ability  to  forecast  inflight  icing, 
especially  in  the  cases  of  fizzing  rain,  fieezing  drizzle,  and  SLD  aloft  The  effort  is  focused  on 
learning  how  to  incorporate  a  variety  of  data  sources  into  the  forecast  process,  including  satellite 
observations,  wind  profilers.  Next  Generation  Weather  Radar  (NEXRAD),  and  Terminal  Doppler 
Weather  Radar  (TDWR).  The  goal  is  to  produce  hourly  three-dimensional  icing  forecast  fields 
fiom  model-based  algorithms  for  aviation  users  with  at  least  a  one-hour  lead  time  (ip  to  as  much 
as  a  12-hour  lead  time)  with  high  accuracy.  The  AWR  program  not  oidy  supports  model  and 
icing  algorithm  development,  but  also  funds  the  Experimental  Forecast  Facility  (EFF)  within  the 
AWC  by  vhich  emerging  icing  forecasting  technologies  are  tested  in  an  operational  setting. 

Icing  forecasts  fiom  the  EFF  are  distributed  currently  in  text  or  2D  gnphic  format.  A  three- 
dimensional  gridded  system  for  use  by  flight  service  specialists,  pilots,  and  other  users  is 
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planned.  As  a  result  of  work  completed  thus  far,  in  January  1 996,  the  AWC  issued  the  first-ever 
forecast  of  freezing  precipitation  aloft. 

As  the  FAA  continues  to  sponsor  research,  it  will  encourage  other  governmental, 
academic,  private,  and  international  org^zations  to  pursue  their  own  research.  All  such 
research  should  be  conducted  in  mutual  collaboration  for  maximum  effectiveness. 

(See  also  Tasks  13.E.  and  13.H.  of  this  plan) 

Responsible  party;  FAA  Aviation  Weather  Research  Program,  AUA-460. 

Schedule; 


•  November  1 996  -  March  1 997:  NASA  LeRC/NCAR  freeing  drizzle  program  to 
include  forecasting  of  SLD  conditions. 

•  July  -  September  1998:  Statistical  verification  of  icing  algorithms  completed. 
Determine  upgrades  to  single  input  and  combined  model-sensor  input  algorithms. 
Report  on  NCAR-produced  icing  forecast  guidance  and  value  added  by  AWC  and 
Alaska  AWC  forecasters. 

•  FY99  and  beyond: 

•  Complete  combined  sensor-model  icing  algorithm  and  implement  at  AWC 
and  Alaska  AWC. 

•  Develop  higher  resolution  icing  guidance  product  (down  to  1 0  km  horizontal 
scale)  commensurate  with  the  National  Centers  for  Environmental  Prediction 
(NCEP)  capability  improvement. 


B.  The  FAA  will  continue  to  support  the  use  of  operationally  available  sensor 
technology  (ground-based  or  airborne  sensors  that  send  data  to  ground-based  equipment) 
for  icing  detection  and  diagnosis.  The  FAA  abo  will  consider  funding  the  development  of 
new  sensor  technologies  for  icing  detection  or  diagnosb. 


PLAN  DETAILS,  TASK  2.B.: 

As  a  result  of  FAA  efforts,  in  the  summer  of  1996,  the  first  commercial  aircraft  having  a 
humidity  sensor  was  flown.  Humidity  sensors  will  be  installed  on  five  additional  aircraft  within 
the  year.  These  sensors  wOl  allow  automated  rqwrts  of  a  key  icing  algorithm  input  parameter  — 
atmospheric  humidity  —  to  supplement  the  temperature  and  wind  data  already  reported.  This 
effort  is  highly  leveraged  with  NOAA  and  the  National  Science  Foundation  (NSF)  in 
collaboration  with  United  Parcel  Service.  Furthermore,  AWR  is  woiking  with  the  governments 
of  France  and  the  United  Kingdom  to  obtain  sensor  certification  on  Airbus  aircraft  and  Boeing 
747  aircraft,  resjjectively.  After  several  months  of  flight  tests  and  experience  in  using  the 
humidity  data  to  improve  forecasts,  as  many  as  160  sensors  will  be  deployed  on  air  carrier 
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aircraft.  This  will  greatly  enhance  the  information  available  to  meteorologists  and  numerical 
modelers. 

While  this  airborne  humidity  sensor  is  an  essential  first  step  in  icing  detection  and 
forecast  verification,  it  does  not  dkectly  identify  the  icing  phenomenon  itself.  The  FAA  will 
consider  funding  research  into  icing  detection  technologies  and  facilitating  transfer  of  these 
technologies  to  industry. 

The  AWR  program-sponsored  radar  detection  work  has  resulted  in  several  methodologies 
to  determine  icing  altitudes,  to  determine  the  amoimt  and  sizes  of  SLD,  to  discriminate  between 
liquid  droplets  and  ice  crystals  by  combinations  of  ground-  and  satellite-based  radars  and 
radiometers,  and  to  use  low-cost  balloon-borne  packages  for  supercooled  liquid  detection  and 
quantification.  Preliminary  results  have  been  published,  yet  thorough  testing  under  a  variety  of 
atmospheric  conditions  is  needed  to  ensure  the  methods  are  sufficiently  robust  for  technology 
transfer  to  operational  systems  such  as  NEXRAD  and  TDWR. 

The  FAA  will  encourage  other  governmental,  academic,  private,  and  international 
organizations  to  pursue  their  own  research  and  technology  transfer.  All  such  research  should  be 
conducted  in  mutual  collaboration  for  maximum  effectiveness. 

(See  also  Task  3  of  this  plan.) 

Responsible  Party:  FAA  Aviation  Weather  Research  Program,  AUA-460. 

Schedule: 


•  September  -  December  1996:  Experimental,  off-line  (in  the  NCAR 
environment)  implementation  of  combined  model-sensor  input  icing  diagnosis 
algorithm.  NCAR  installs  satellite-based  icing  display  at  AWC  and  Alaska 
AWC. 

•  September  1 997:  Report  on  the  feasibility  of  using  remote  sensor  data  to 
determine  icing  severity.  Report  on  theoretical  studies  of  possible 
NEXRAD/TDWR  upgrades  for  improving  icing  detection. 

•  October  -  December  1997:  Implement  upgrade  to  satellite  algorithm  at  AWC 
and  Alaska  AWC. 

•  November  1997  -  March  1998:  (Tentative)  Field  experiment  in  western  Great 
Lakes  to  test  NEXRAD  upgrade  concepts. 

•  September  1998:  Report  on  evaluation  of  NEXRAD  upgrades  tests. 
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INFLIGHT  ICE  DETECTION 


Task  3,  Accelerate  development  of  airborne  technologies  that  remotely 
assess  icing  conditions  by  working  with  groups  that  already  are 
supporting  research  in  this  area. _ 


PLAN  DETAILS,  TASK  3: 

The  development  of  equipment  carried  on  an  aircraft  that  could  detect  icing  conditions  in 
an  area  that  is  remote  from  the  aircraft  would  assist  aircraft  that  are  not  citified  for  flight  in 
icing  conditions  in  avoiding  those  conditions.  The  ability  to  ronotely  detect  icing  is  envisioned 
as  an  important  capability  of  aircraft  developed  in  accordance  with  the  “avoid  and  exit”  concept 
advanced  as  part  of  the  Advanced  General  Aviation  Transportation  Eiqieriment  (AGATE).  Such 
aircraft  are  not  planned  to  be  certified  for  flight  in  icing  conditions. 

Remote  sensing  could  be  useful  to  aid  in  avoidance  of  severe  icing  conditions  by  all 
aircraft  including  transport  airplanes.  The  Department  of  Defense  (DOD)  and  FAA  arc  funding 
investigative  research  in  this  area;  Cold  Regions  Research  Engine«ing  Laboratory  (CRREL)  will 
provide  the  primary  technical  management.  NASA  LeRC  is  organizing  a  workshop  on  the 
airborne  remote  sensing  concept. 

Responsible  Party:  FAA  Technical  Center,  DOD,  CRREL,  NASA  LeRC. 

Schedule: 

July  1998:  Reports  on  airborne  remote  sensing  technology  proof  of  concept 
investigations. 
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CERTIFICATION  REGULATIONS 
AND  GUIDANCE  MATERIAL 


Task  4>  Ensure  that  aircraft  having  unpowered  ailerons  and  pneumatic 
deicing  boots  do  not  have  roll  control  anomalies  if  exposed  to  certain  SLD 
conditions. 


A.  The  FAA  will  develop  and  publish  interim  procedures  for  aircraft  receiving  new, 
amended,  or  supplemental  type  certificates. 

PLAN  DETAILS.  TASK:4A: 

In  1 994,  an  accident  occurred  in  which  severe  icing  conditions  outside  of  the  icing 
certification  envelope  contributed  to  uncommanded  roll.  The  accident  profile  was  nearly 
replicated  during  flight  tests  when  the  aircraft  was  flown  with  ice  shapes  developed  fiom  testing 
in  an  artificial  icing  cloud  having  droplets  in  the  size  range  of  freezing  dri^e  at  a  temperature 
near  fieezing.  This  condition  created  a  ridge  of  ice  aft  of  the  deicing  boots  and  forward  of  the 
ailerons.  Dry  air  testing  with  this  ice  shape  resulted  in  imcommanded  motion  of  the  ailerons  and 
rapid  roll.  Subsequent  mandatory  modifications  to  enlarge  the  deicing  boot  to  remove  the  ice 
formation  corrected  these  unsafe  characteristics.  In  addition,  flight  mamial  procedures  were 
adopted  that  allowed  flight  crews  to  identify  inadvertent  flight  into  severe  icing  conditions,  and 
provided  restrictions  and  procedures  to  allow  a  safe  exit  fix)m  those  severe  conditions.  The 
deicing  system  modification  provides  an  increased  margin  of  safety  in  the  event  of  an  encounter 
with  fireezing  conditions  exceeding  the  icing  certification  envelope. 

The  FAA  initiated  a  review  of  aircraft  similar  to  the  accident  airplane  to  determine  if 
other  type  designs  might  experience  control  difficulties  should  a  ridge  of  ice  form  aft  of  the 
deicing  boots  and  forward  of  the  ailerons.  The  investigation  addressed  part  23  and  part  25 
airplanes  that  are  equipped  with  pneumatic  deicing  boots  and  non-powered  flight  control 
systems,  and  that  are  used  in  regularly  scheduled  revenue  passenger  service  in  the  United  States. 

The  FAA  has  determined  that  similarly  equipped  aircraft  receiving  new,  amended,  or 
siq)plemental  type  certificates  should  be  evaluated  for  roll  control  problems  if  exposed  to  large 
supercooled  droplets.  The  procedures  that  will  be  based  \xpon  those  used  during  the  previous 
FAA  evaluation  program  and  will  continue  until  specific  regulations  are  adopted  to  address 
conditions  outside  of  the  current  regulatory  icing  envelopes  in  Appendix  C  of  part  25  of  the 
Federal  Aviation  Regulations  (14  CFR  part  25). 

Responsible  parties:  Small  and  Transport  Airplane  Directorates. 
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Schedule: 

•  July  1997:  Develop  and  publish  guidance  applicable  to  airplanes  receiving  new, 
amended,  or  supplemental  type  certificates. 


B.  The  FAA  will  issue  Notices  of  Proposed  Rulemaking  (NPRM)  to  require  that  certain 
aircraft  exit  icing  conditions  when  specific  visual  icing  cues  are  observed.  The  NPRMs  will 
be  applicable  to  those  aircraft  (1)  that  have  pneumatic  deicing  boots  and  unpowered 
ailerons  and  (2)  that  were  not  addressed  by  the  icing  AD’s  issued  on  April  24, 1996. 

PLAN  DETAILS.  TASK  4B; 

In  April  1996,  the  FAA  issued  18  Airworthiness  Directives  (AD)  to  require  revising  the 
FAA-approved  Airplane  Flight  Manual  to  provide  the  flight  crew  with  recognition  cues  for,  and 
procedures  for  exiting  fi'om,  severe  icing  conditions.  The  AD’s  were  written  because  flight 
crews  were  not  provided  with  the  information  necessary  to  determine: 

•  when  the  airplane  is  operating  in  icing  conditions  that  have  been  shown  to  be  unsafe;  or 

•  what  action  to  take  when  such  conditions  are  encountered. 

The  AD’s  applied  primarily  to  parts  23  and  25  airplanes  that  have  unpowered  primary  roll 
controls,  pneumatic  deicing  boots,  and  are  used  in  regularly  scheduled  revenue  passenger  service 
in  the  United  States. 

The  FAA  will  propose  similar  mandatory  action  through  the  NPRM  process  for  all  part 
25  and  certain  part  23  airplanes  that  have  unpowered  roll  controls  and  pneumatic  deicing  boots 
that  were  not  addressed  by  the  earlier  AD’s.  The  part  23  NPRM’s  will  address  airplanes 
certificated  in  normal  and  utility  categories  (not  used  in  agricultural  operations)  having 
unpowered  roll  controls  and  pneumatic  deicing  boots  that  are  used  in  part  135  on-demand  and  air 
taxi  operation,  and  other  airplanes  regularly  exposed  to  icing  conditions. 

These  part  23  NPRM’s  will  include: 

a.  All  single  and  multi-^ine  turbopropeller  poword  airplanes. 

b.  All  multi-engine  piston  powered  airplanes. 

c.  Single-engine  piston  powered  airplanes  generally  having  retractable  landing  gear, 
constant  speed  propellers,  and  powered  by  engines  rated  at  200  horsepower  or  greater. 

Responsible  parties:  Small  and  Transport  Airplane  EHrectorates. 

Schedule: 

•  August  1997:  Publish  NPRM’s. 

•  February  1998:  Publish  Final  Rules. 
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Task  5.  Task  ARAC  with  a  short  term  project  to  consider  a  regulation  that 
requires  installation  of  ice  detectors,  aerodynamic  performance  monitors,  or 
another  acceptable  means  to  warn  flight  crews  of  ice  accumulation  on  critical 
surfaces  requiring  crew  action  (regardless  of  whether  the  icing  conditions  are 
inside  or  outside  of  Appendix  C).  ARAC  will  also  be  tasked  with  a  long  term 
harmonization  project  to  develop  certification  criteria  and  advisory  material 

—  possibly  including  envelopes  supplementing  those  currently  in  Appendix  C 

—  for  the  safe  operation  of  airplanes  in  SLD  aloft,  in  SLD  (freezing  rain  or 
freezing  drizzle)  at  or  near  the  surface,  and  in  mixed  phase  conditions. 


PLAN  DETAILS.  TASK  5; 

The  current  icing  certification  regulations  ensure  that  airplanes  are  safe  for  operation  in 
icing  conditions  defined  by  the  envelopes  in  Appendix  C  of  part  25  of  the  Federal  Aviation 
Regulations  (14  CFR  part  25).  However,  service  experience  has  shown  that  airplanes  may 
encounter  icing  conditions  exceeding  Appendix  C,  which  may  have  catastrophic  consequences. 
This  initiative  will  provide  certification  requirements  to  increase  the  level  of  safety  when  icing 
conditions  exceeding  Appendix  C  are  encountered. 

Another  key  issue  that  requires  analysis  is  the  recognition  of  aircraft  icing.  ARAC  will 
be  given  the  task  to  consider  the  need  for  a  regulation  that  requires  installation  of  ice  detectors  or 
other  acceptable  means  to  warn  flight  crews  of  ice  accumulation  on  critical  surfaces  requiring 
crew  action. 

Responsible  party:  FAA. 

Schedule: 

•  September  1999:  Reach  technical  agreement 

•  October  2001 :  Publish  Final  Rule. 
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Task  6.  Improve  the  regulations  and  guidance  related  to  certification  of 
airplanes  for  operation  in  icing  conditions  defined  by  Appendix  C. _ 


A.  The  FAA  will  review,  revise,  and  develop  the  following  guidance  material: 

1)  Review  and  revise  Advisory  Circular  (AC)  20-73,  Aircraft  Ice  Protection. 

2)  Review  and  revise  AC  23.1419A,  Certification  of  Part  23  Airplanes  for  Flight 
in  Icing  Conditions. 

3)  Develop  AC  25.1419,  Certification  of  Part  25  Airplanes  for  Flight  in  Icing 
Conditions. 


PLAN  DETAILS,  TASK  6A,U  and  6A3: 

A  review  of  existing  advisory  material  indicates  that  improvements  can  be  made 
and  additional  new  information  incorporated  to  benefit  all  users.  The  AC’s  will  address 
icing  conditions  that  are  defined  by  the  current  Appendix  C.  Consideration  will  be  given 
to  combining  the  information  into  one  AC.  It  is  anticipated  that  additional  advisory 
material  will  be  required  for  icing  conditions  outside  of  Appendix  C  (see  Task  5  of  this 
plan). 

Responsible  Party:  Aircraft  Certification  Service. 

Schedule: 

September  1998:  Issue  proposed  AC’s. 

4)  Review  and  update  FAA  Icing  Handbook. 

PLAN  DETAILS.  TASK  6.A.4: 

The  FAA  Icing  Handbook  is  a  compendium  of  tedmical  information  pertaining  to 
design,  analysis,  test,  and  certification  of  aircraft  with  ice  protection.  The  Handbook  is 
intended  primarily  for  use  by  airfiame,  poweiplant,  and  flight  test  engineers.  The  update 
will  include,  but  will  not  be  limited  to,  new  information  on  the  following: 

a.  Airfoil  and  aircraft  aerodynamics,  performance,  and  stability  and  control  with 
ice  accretions. 

b.  Characterization  of  supercooled  large  droplet  icing  conditions. 

c.  Analytical  icing  accretion  and  pofonnance  codes. 

d.  Ice  protection  systems. 
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Responsible  Part>':  FAA  Technical  Center. 

Schedule: 

December  1997:  Complete  update  of  the  FAA  Icing  Handbook. 


5)  Develop  an  engine  and  propubion  icing  AC. 

PLAN  DETAILS,  TASK  6.AtS: 

The  engine  and  propulsion  icing  AC  will  provide  certification  guidance  that  is  more 
definitive  than  AC  20-73,  Aircraft  Ice  Protection.  It  will  also  present  information  that  will  cover 
engine  certification  and  part  25  engine  induction  system  certification  as  a  coordinated  process. 

Major  areas  to  be  covered  include: 

a.  Ice  shed  damage  conditions 

b.  Power  loss  instability  conditions  (e.g.,  roUback,  flameout,  surge/stall,  etc.) 

c.  Acceptance  criteria  (acceptable  damage,  acceptable  power  loss,  etc.) 

d.  Natural  icing  flight  tests  [part  25  of  the  Federal  Aviation  Regulations  (14  CFR 
part  25)] 

Responsible  Parties:  Engine  and  Propeller  Directorate,  Transport  Airplane  Directorate. 
Schedule: 

September  1998:  Issue  final  AC. 


6)  Develop  an  advbory  circular  to  provide  guidance  on  how  to  evaluate  the 
susceptibility  of  a  horizontal  tail  to  stalL 


FLAN  DETAILS.  TASK  6.A,6: 

Aerodynamic  stalling  of  the  horizontal  tailplane,  ^en  the  leading  edge  was 
contaminated  with  ice,  has  been  responsible  for  a  number  of  catastrophic  accidents.  It  has  been 
found  that  even  the  small  amounts  of  ice  that  may  accumulate  before  activation  of  an  ice 
protection  system  can  cause  reductions  in  the  tailplane  stall  margin. 

Airplanes  with  powered  pitch  control  systems  may  be  susceptible  to  this  phenomen  in 
terms  of  alteration  of  the  aerodynamic  characteristics  of  die  tailplane.  However,  there  has  only 
been  adverse  service  history  with  leading  edge  contamination  on  airplanes  with  ui^K)wered  pitch 
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control  systems.  Airplanes  with  a  history  of  accidents  and  incidents  attributed  to  tailplane  stall 
are  required  by  the  FAA  to  limit  the  use  of  flaps,  modify  the  ice  protection  system,  or  modify  the 
horizontal  stabilizer  airfoil  design.  The  changes  improve  the  performance  of  the  ice  protection 
system  or  increase  tailplane  stall  margins.  The  FAA  also  evaluated  the  tailplane  stall  margins  of 
other  part  121  and  135  airplanes  with  unpowered  pitch  control  systems  and  foimd  the  margins  to 
be  adequate. 

In  1992,  the  FAA  published  a  memorandum  that  prescribed  a  zero-g  pushover  maneuver 
to  investigate  an  airplane’s  susceptibility  to  tailplane  stall.  The  FAA  now  plans  to  develop 
guidance  material  that  will  present  design  criteria  and  assessment  methods  that  will  aid 
manufacturers  in  the  design  of  tailplanes  that  are  not  susceptible  i\j  stalling  when  the  leading 
edge  is  contaminated. 

Responsible  Parties:  Small  Airplane  Directorate,  Transport  Airplane  Directorate. 

Schedule: 

September  1999:  Issue  final  AC. 


B.  The  FAA  will  coordinate  an  evaluation  of  a  reformatted  Appendix  C,  which 
could  provide  a  presentation  more  easily  used  in  certification  and  for  other  purposes 
and  which  could  be  incorporated  in  an  AC. 


PLAN  DETAILS.  TASK  6.B.: 

Dr.  Richard  Jeck’s  AIAA-94-0482  paper,  “Other  Ways  to  Characterize  the  Icing 
Atmosphere,”  suggests  formats  of  the  Appendix  C  data  that  could  be  used  more  easily  by 
certification  and  research  personnel.  The  FAA  will  consider  writing  an  AC  that  contains 
the  suggested  formats,  the  use  of  those  formats,  and  an  explanation  of  the  fuocess  of 
translation  between  the  present  Appendix  C  envelopes  and  the  proposed  formats.  Dr. 

Jeck’s  proposals  do  not  necessarily  require  any  change  in  the  Appendix  C  envelopes. 

Responsible  Parties:  FAA  Technical  Center,  Small  and  Transport  Airplane  Directorates,  FAA 
Icing  Steering  Committee. 

Schedule: 


•  August  1997:  Solicit  conunents  fiom  the  FAA,  industry,  and  the  research 
community.  If  the  proposals  are  found  to  be  desirable,  then: 

•  June  1998:  Issue  proposed  AC. 
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C.  Task  an  Aviation  Rulemaking  Advisory  Committee  (ARAC)  working  group  to 
harmonize  the  requirements  of  Section  23.1419  (^Ice  protection’’)  of  part  23  of  the  Federal 
Aviation  Regulations  (14  CFR  23,1419),  and  Sections  25.1419  (“Ice  protection”),  25.929 
(^Propeller  deicing”),  and  25.1093  (^Induction  system  ice  protection”)  of  part  25  of  the 
Federal  Aviation  Regulations  (14  CFR  part  25.1419, 25.929,  and  25.1093)  and  of  part  25  of 
the  Joint  Airworthiness  Regulations,  and  to  produce  appropriate  advisoiy  material. 


ELAN  DETAILS.TASK 

Responsible  Parties:  Small  and  Transport  Airplane  Directorates. 
Schedule: 

October  200 1 :  Publish  Final  Rule. 
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Task  7,  The  ARAC  Flight  Test  Harmonization  Working  Group  will  complete 
the  harmonization  project  to  standardize  performance  and  handling 
requirements  and  guidance  material  for  certification  of  FAR/JAR  25 
airplanes  to  safely  operate  in  the,  icing  conditions  of  Appendix  C« 


PLAN  DETAILS,  TASK  7; 

Section  25.1419  of  part  25  of  the  Federal  Aviation  Regulations  (14  CFR  part  25)  and 
Section  25.1419  of  the  Joint  Airworthiness  Regulations  require  that  the  airplane  must  be  able  to 
safely  operate  in  certain  specified  icing  conditions.  The  Flight  Test  Harmonization  Working 
Group  was  tasked  with  a  project  to  standardize  airplane  performance  and  handling  requirements 
for  demonstrating  safe  operation  in  icing  conditions.  The  harmonization  project  started  when  the 
JAA  published  Notice  of  Proposed  Amendment  (NPA)  25F-219,  "Flight  Characteristics  in  Icing 
Conditions."  The  NPA  provides  guidance  for  demonstrating  acceptable  airplane  performance 
and  handling  characteristics  for  flight  in  icing  conditions. 

The  Flight  Test  Harmonization  Working  Group  began  work  on  this  project  in  October 
1994.  A  number  of  technical  issues  are  yet  to  be  addressed,  including  coordination  with  other 
ARAC  working  groups  relative  to  systems  and  avionics  requirements  during  flight  in  icing 
conditions.  However,  agreement  has  been  reached  on  the  majority  of  performance  and  handling 
qualities  issues. 

Responsible  Party:  ARAC. 

Schedule; 

March  1999:  Publish  Final  Rule  and  AC. 
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Task  9,  The  FAA,  in  concert  with  airworthiness  authorities  throughout 
the  world,  will  consider  a  comprehensive  redefinition  of  certification 
envelopes  (such  as  those  that  appear  currently  in  Appendix  C)  for  the 
global  atmospheric  icing  environment  when  sufficient  information  is 
available  worldwide  on  SLD,  mixed  phase  conditions,  and  other  icing 
conditions,  and  when  adequate  simulation  tools  are  available  to 
simulate  and/or  model  these  conditions. 


PLAN  DETAILS.  TASK  9: 

The  lack  of  information  to  support  a  comprehensive  redefinition  of  certification 
envelopes  for  the  global  atmospheric  icing  environment  was  emphasized  by  numerous 
participants  at  the  May  1996  FAA-sponsored  International  Conference  on  Aircraft 
Inflight  Icing.  Additionally,  as  the  number  of  aircraft  increase,  the  probability  of 
encountering  intense  icing  conditions  that  were  previously  considered  rare  increases.  As 
available  icing  cloud  information  and  technologies  improve,  the  FAA  will  consider  a 
comprehensive  change  to  the  icing  certification  envelopes.  This  task  is  extremely 
complex-it  requires  information  ftom  around  the  globe  and  cooperation  of  aviation 
authorities  aroimd  the  world.  In  the  interim,  the  FAA  will  woric  with  ARAC  to  improve 
the  safety  of  airplanes  exposed  to  icing  conditions  that  exceed  the  current  Appendix  C 
icing  envelopes  (see  task  5  of  this  plan). 

Responsible  Party:  FAA  Icing  Steering  Committee. 

Schedule: 

June  2003:  If  appropriate,  the  FAA  will  propose  a  change  to  the  envelope. 
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Task  10.  The  FAA  Human  Factors  Team  will  review  the  design  philosophy  of 
automatic  autopilot  disconnection  due  to  an  external  disturbance. 


PLAN  DETAILS,  TASK  Ifl: 

Operational  experience  has  shown  \n  some  autopilot  modes,  the  autopilot  has 
disconnected  after  trimming  the  aircraft  to  st^i  entry  during  flight  in  icing.  Loss  of  control  from 
the  ensuing  roll  and  pitch  excursions  has  resulted  during  some  instances.  The  human  factors 
aspect  of  autopilot  use  and  disconnect  during  flight  in  icing  will  be  addressed. 

Responsible  Party:  FAA  Human  Factors  Team. 

Schedule: 

September  1997:  Publish  a  plan  and  schedule. 
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ICING  SIMULATION  METHODS 


Task  11,  Develop  validation  criteria  and  data  for  simulation  methods  used  to 
determine  ice  shapes  on  aircraft,  including  icing  tunnel,  ice  accretion 
computer  codes,  and  icing  tankers. 


A.  VALIDA  TION  REQUIREMENTS.  A  working  group  will  be  formed  to  identify 
validation  requirements  for  icing  facilities  (tunnels  and  tankers),  and  droplet  impingement 
and  ice  accretion  computer  codes.  The  validation  requirements  will  be  appropriate  for  use 
in  certification.  The  working  group  will  develop  information  describing  validation  criteria 
(including  specification  of  limitations)  for  icing  simulation  facilities,  including 
instrumentation  and  data  processing  methodologies  as  they  relate  to  facility  calibrations, 
and  for  impingement  and  ice  accretion  codes.  This  will  be  a  coordinated  effort  among 
research  organizations,  industry,  and  regulatory  authorities.  This  material  will  be 
evaluated  by  the  FAA  for  adoption  as  guidance  material. 


PLAN  DETAIIjS^  task  11.A.: 

The  working  group  will  establish  a  plan  for  development  of  validation  criteria  for 
experimental  icing  simulation  facilities  (tankers  and  tunnels)  and  icing  simulation  codes.  The 
working  group  will  develop  level-of-acceptance  criteria  for  validation  comparisons.  The  group 
will  examine  correlation  of  ice  shapes  (including  impingement)  from  icing  facilities  with  those 
from  flight  in  natural  icing  conditions.  In  addition,  the  group  will  examine  correlation  of  ice 
shapes  (including  impingement)  from  ice  accretion  codes  with  those  from  both  simulation 
facilities  and  natural  conditions.  The  fidelity  of  artificial  ice  shapes  needed  to  represent  a  natural 
event  will  be  reviewed.  Methods  will  be  examined  to  provide  quantifiable  information  on  cloud 
characteristics,  ice  accretion  shapes,  and  aero-performance  measurements  in  natural  icing  to 
determine  the  comparison  criteria  for  simulation.  Methods  for  processing  time-averaged  flight 
data  will  be  evaluated  to  siqsport  replicating  natural  icing  events  in  ground-based  facilities. 

The  working  group  also  will  address  methods  for  defining  tunnel/tanker  cloud 
characteristics  and  their  calibration  and  accuracy.  This  will  include  instrumentation  employed  in 
the  establishment  of  those  calibrations  and  methods  to  detennine  the  facility’s  envelope.  A  set  of 
equivalent  icing  conditions  along  with  a  standard  model(s)  will  be  identified  for  use  in 
comparing  icing  simulation  facilities.  Means  of  comparison  to  cross  reference  individual  facility 
results  will  be  developed. 

Issues  related  to  the  simulation  of  freezing  drizzle,  fizzing  rain,  and  mixed  phase 
conditions  either  by  a  facility  or  a  computer  code  also  will  be  examined. 
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Responsible  Parties:  NASA  LeRC,  FAA  Technical  Center,  and  Aircraft  Certification  Service. 
Schedule: 


•  Augustl997:  Develop  interim  recommendations  on  validation  criteria. 

•  June  2001 :  Develop  final  recommendations  on  validation  criteria. 


B.  p:4l,/D/17707Vi)/4r/4.  The  FAA  shall  support  resear  h  aimed  at  developing  ice 

accretion  data  and  associated  aerodynamic  effects  that  can  be  used  for  the  validation  of  ice 
accretion  codes  and  analysis  of  aerodynamic  performance  degradation  due  to  icing.  This 
research  also  can  be  used  to  form  the  basis  of  an  evaluation  of  ice  shape  features  resulting 
in  critical  performance  loss. 


PLAN  DETAILS.  TASK  11 JL: 

The  NASA  LeRC  Modem  Airfoils  Ice  Accretions  Program  receives  funding  support  fi-om 
the  FAA.  This  program  encompasses  the  develofment  of  ice  accretions  in  icing  tunnels  on 
modem  airfoils  (2D)  and  wings  (3D)  of  interest  to  industry  and  the  FAA.  It  includes  the 
acquisition  of  aerodynamic  data  using  icing  tunnel  accretion  models  in  high  quality  aerodynamic 
tunnels. 

Responsible  Parties:  NASA  LeRC,  FAA  Technical  Center. 

Schedule: 

September  1998:  Report  on  ice  accretions  for  modem  airfoils  (2D),  including  Cj, 
and  stall  angles. 


C.  SIMULATION  IMPROVEMENT.  The  FAA  will  support  research  on  the 
development  and  improvement  of  ice  simulation  methods  such  as  ice  accretions  codu,  icing 
and  icing  tankers.  This  research  will  be  directed  at  understonding  the  physical 
processes  underiying  the  ice  accretion  process,  including  phenomena  associated  with  SLD 
ice  accretion. 


PLAN  DETAILS.  TASK  ll.C: 


A  working  group  will  be  formed  to  public  a  research  plan  that  addresses  how  the  FAA 
can  most  cost  effectively  improve  the  simulation  capabilities  of  industry  and  research  facilities. 
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Responsible  Parties:  FAA  Technical  Center,  Aircraft  Certification  Service. 
Schedule: 

February  1998:  Publish  a  Simulation  Improvement  Research  Plan. 
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ICE  ACCRETION  AND  ITS  EFFECTS 
ON  PERFORMANCE/STABILITY 
AND  CONTROL 


Task  12,  Develop  guidance  material  on  ice  accretion  shapes  and  roughness 
and  resultant  effects  on  performance/stability  and  control.  This  material  will 
be  relevant  to  the  identification  and  evaluation  of  critical  ice  shape  features 
such  as  ice  thickness,  horn  size,  horn  location,  shape,  and  roughness. _ 


A.  The  FAA,  along  with  industry  and  research  organizations,  shall  form  a  working 
group  to  explore  categories  of  ice  accretions  that  represent  potential  safety  problems  on 
aircraft. 


PLAN  DETAILS.  TASK  12.Aj 

The  certification  process  requires  identification  and  evaluation  of  critical  ice  accretions. 
Criticality  of  possible  ice  accretions  is  not  well  understood,  and  guidance  information  is  needed 
for  compliance  with  established  requirements.  The  working  group  will  evaluate  numerous  ice 
shapes  to  help  define  areas  of  concern  about  the  effects  of  ice  accretion  on  airfoil  performance 
and  aircraft  stability,  control,  and  handling  characteristics. 

These  ice  accretion  categories  would  include  (but  would  not  be  limited  to): 

1)  “Sandpaper”  ice  (a  thin  layer  of  ice  composed  of  roughness  elements); 

2)  Residual  ice  (ice  remaining  after  a  deicer  cycle); 

3)  Rime  ice; 

4)  Glaze  ice; 

5)  Large-droplet  ice  (spanwise  step  accretions  beyond  the  “normal”  impingement  zone); 

6)  Beak  ice  (single  horn  ice  shape  on  the  iq>per  surface);  and 

7)  Intercycle  ice  (ice  accumulated  betwwn  deicer  cycles). 

These  categories  of  ice  would  be  considered  during  various  phases  of  flight  such  as  takeoff, 
landing,  climb,  hold,  etc.,  for: 

1)  Operational  ice  protection  systems; 

2)  Failed  ice  protections  systems;  and 

3)  Unprotected  surfaces. 
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Responsible  Parties;  Aircraft  Certification  Service,  FAA  Technical  Center,  NASA  LeRC, 
Industry,  Academia. 

Schedule; 

December  1997:  Publish  a  plan. 


B.  The  FAA  will  establish  a  working  group  to  visit  various  manufacturers  to  learn  how 
they  develop  critical  ice  shapes  and  their  rationale  for  the  ice  shapes  used  for  certification. 
The  working  group  will  develop  information  to  be  considered  for  publication. 


PLAN  DETAILS^  TASK  12  A: 

Responsible  Party:  Aircraft  Certification  Service. 
Schedule: 

•  October  1997:  Complete  visits  to  manufacturers. 

•  December  1997:  Report  findings. 


C.  The  FAA  will  continue  to  support  research  on  the  effects  of  ice  accretion  on  airfoil 

performance  and  aircraft  stability,  control,  and  handling  characteristics.  As  the  FAA 
continues  to  sponsor  research,  it  will  encourage  other  governmental,  academic,  private,  and 
international  organizations  to  pursue  their  own  research.  All  such  research  should  be 
conducted  in  mutual  collaboration  for  maximum  effectiveness.  The  following  research 
efforts  are  current  FAA-supported  programs  directed  at  addressing  the  issues  associated 
with  this  task:  (1)  the  NASA  LeRC/FAA  TaUplane  Icing  Program  and  (2)  the  University  of 
Illinois/FAA  Study  of  Effect  of  Large  Droplet  Ice  Accretions  on  Airfoil  and  Wing 
Aerodynamics  and  ControL 


The  NASA  Lewis  Research  Center  (LeRC)/FAA  TaUplane  Icing  Program: 


PLAN  DETAILS,  TASK  12.C: 

This  program  encompasses  a  study  of  tailplane  icing  using  icing  tuimel,  wind  tunnel, 
computational  methods,  and  flight  test.  It  includes  the  investigation  of  flight  test  and  analytical 
methods  to  determine  aircraft  sensitivity  to  ice  contaminated  tailplane  stall. 
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Responsible  Parties:  NASA  LeRC,  FAA  Teclinical  Centei. 


Schedule: 

ApriI  1998:  Final  Report. 

University  of Illinois/FAA  Study  of  Effect  of  Large-Droplet  Ice  Accretions  on 
Airfoil  and  Wing  Aerodynamics  and  Control: 


PLAN  DETAILS.  TASK  12.C.: 

The  objective  of  this  research  is  to  study  the  eflFects  of  spanwise  step  ice  accretions  on 
subsonic  aircr^  aerodynamics  and  control.  This  type  of  ice  accretion  can  occur  in  supercooled 
large  droplet  icing  conditions  (freezing  rain  and  dri2^e)  as  well  as  in  smaller  droplet  clouds  at 
temperatures  near  freezing.  Experimental  and  computational  tasks  will  be  conducted  using 
simulated  ice  accretions  to  determine  the  sensitivity  of  ice  shape  and  location  on  airfoil 
performance  and  control  surface  hinge  moment  as  a  function  of  angle-of-attack  and  flap 
deflection.  Critical  conditions  will  be  identified  where  the  hinge  moment  or  aerodynamic 
performance  changes  rapidly. 

Responsible  Parties:  University  of  Illinois,  FAA  Technical  Center. 

Schedule: 

•  1997:  Interim  report. 

•  1999:  Final  report. 


D.  The  FAA  will  request  that  industry  form  a  committee  to  review  data  from 
the  Phase  n  testing  to  determine  if  there  are  significant  correlations  that  can  be 
shared  for  future  use  and  to  identify  realistic  ice  shapm  due  to  SLD.  The  committee 
will  consider  the  effect  of  airfoils,  pressure  distribution,  aUeron  desipi,  etc.,  on  an 
aircraft’s  susceptibility  to  roll  control  problems. 


PLAN  DETAILS.  TASK  12.D,; 

During  the  May  1996  International  Conference  on  Aircraft  Inflight  Icing,  manufacturers 
indicated  a  willingness  to  contribute  data  to  accomplish  this  task. 

Responsible  Party:  Aircraft  Certification  Service. 
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Schedule: 

July  1997:  Prepare  lener(s)  to  industry. 


27 


342 


SLD  CHARACTERIZATION 
AND  MIXED  PHASE  CONDITIONS  ASSESSMENT 


Task  13.  Characterize  SLD  aloft  and  assess  mixed  phase  conditions  (ice 
crystals  and  supercooled  liquid  water  droplets)  in  the  atmospheric  flight 
environment.  _ 


A.  The  FAA  will  circulate  "trial”  SLD  dropsize  distii butions  to  participating 
research  organizations  to  assess  differences  in  LWC  and  uropsize  processing 
methods. 


PLAN  DETAILS.  TASK  13.A.: 

This  subtask  responds  to  the  long  recognized  problem  of  trying  to  correct,  or 
adjust,  recorded  dropsize  distributions  for  systematic  measurement  errors  that  occur  with 
modem,  electro-optical,  droplet  sizing  probes.  In  the  absence  of  a  standard  procedure, 
different  users  employ  different  correction  schemes  that  can  give  different  results  for  the 
same  initial  SLD  size  distribution.  Unacceptably  large  disagreements  in  computed 
median  volume  diameters  (MVD)  and  water  concentrations  can  arise  this  way.  In  this 
situation,  nobody  knows  how  much  artificially  introduced  error  is  contained  in  published 
SLD  results.  Therefore,  this  plan  attempts  to  gauge  the  seriousness  of  the  problem  by 
allowing  all  interested  researchers  to  use  their  preferred  correction  scheme  —  whatever  it 
may  be  —  on  the  same  initial  size  distribution  and  to  compare  the  results. 

Responsible  Party:  FAA  Technical  Center. 

Schedule: 

April  1998:  Final  report  summariring  results. 


B.  The  FAA  will  collect,  consolidate,  and  analyze  affordable  and  accessible  existing 
SLD  data.  The  FAA  will  recommend  that  individual  Civil  Aviation  Authoiitim  (CAA*s) 
sponsor  an  analyses  of  archived  weather  data  in  theif*  own  countries  to  provide  statistics  on 
the  local  occurrences  of  freezing  rain  and  freezing  drimde. 
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ELAN  DETAILS,  TASK  13.B.: 

A  comprehensive  data  set  was  collected  by  the  FAA  Technical  Center  for  icing 
conditions  in  clouds  for  >^ch  the  processed  data  rarely  revealed  the  presence  of  significant 
concentrations  of  droplets  larger  than  5Q  microns  in  diameter.  Therefore,  this  database  cannot  be 
used  for  analysis  of  SLD  conditions.  Several  research  institutions  have  collected  data  in  SLD 
conditions;  inquiries  must  be  made  regarding  additional  organizations  possessing  in-situ 
measurements  that  may  include  these  conditions. 

A  data  compilation  similar  to  that  for  the  cloud  icing  database  will  be  conducted. 
Processing  techniques,  whether  done  on  site  at  the  participating  institutions  or  at  the  FAA 
Technical  Center,  will  be  determined  as  part  of  this  project. 

Records  of  freezing  rain  and  freezing  drizzle  from  surface  observations  exist  in  many 
countries.  These  data  are  valuable  for  assessing  the  threat  of  SLD  worldwide  and  for 
determining  the  opportunities  for  possible  flight  tests  or  additional  measurements  in  SLD 
conditions.  Civil  aviation  authorities  worldwide  will  be  encouraged  to  undertake  or  sponsor  the 
analyses  of  their  archived  weather  data. 

Responsible  party:  FAA  Technical  Center. 

Schedule: 


•  June  1997:  Prepare  a  letter  to  worldwide  CAA’s, 

•  March  1998:  Final  report  on  results  from  FAA  effort. 


C.  The  FAA  will  conduct  a  study  to  determine  the  magnitude  of  the  safety  threat  that  is 
posed  by  mixed  phase  conditions. 


PLAN  DETAILS.  TASK  13.C.: 

Responsible  party:  FAA  Technical  Center. 

Schedule: 

February  1998:  Report  on  the  findings  and  recommendations  for  possible  further 

action. 


D.  (This  subtask  is  left  blank  intentionally.) 
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E.  The  FAA  will  support  basic  research  on  the  formation  mechanism  of  freezing 

drizzle  aloft  and  at  ground  level. 


PLAN  DETAILS.  TASK  13.E.; 

Through  the  FAA  Aviation  Weather  Research  Program,  the  FAA  has  supported  ongoing 
work  in  this  area  since  fiscal  year  (FY)  1990.  The  “FAA  Inflict  Icing  Product  Development 
Plan:  FY97  &  FY98”  includes  a  section  on  basic  icing  science,  which  focuses  on  the  roles  of 
turbulence  and  low  cloud  condensation  nucleus  concentrations  in  contributing  to  the  formation  of 
SLD. 

Responsible  Party:  FAA  Aviation  Weather  Research  Program,  AUA-460. 

Schedule: 

This  is  ongoing  work.  Results  fiom  these  analyses  have  already  been 
incorporated  into  guidance  products  transferred  to  AWC  as  part  of  the  FAA  AWR 
Program.  The  two-year  (FY  1997  and  FY  1998)  Inflight  Icing  Product 
Development  Team  Plan  under  review  by  the  AWR  Program  includes  further 
study  and  transfer  of  research  results  to  operations. 


F.  The  FAA  will  solicit  knowledgeable  individuals  to  provide  guidance  to  researchers 
for  developing  SLD  and  mixed  phase  icing  cloud  characterizations  for  possible  certification 
purposes  (quantity,  geographic  location,  and  characterization  format). 


PLAN  DETAILS.  TASK  13.F.: 

Guidance  will  be  sought  finm  researchers  who  collect  and  analyze  the  data,  modeling  and 
wind  tunnel  representatives,  and  industry  and  FAA  representatives  who  would  use  any  new 
characterization  (SLD,  mixed  phase  conditions)  for  certification  purposes.  The  need  is  not  solely 
meteorological  (processes,  characteristics,  extents),  but  also  depmids  on  such  fimtors  as  location 
relative  to  high  air  traffic  use  areas,  wind  tunnel  and  numerical  simulation  requirements,  and 
operational  requirements. 

Responsible  parties:  FAA  Technical  Center,  Canada  [Atmospheric  Environmental  Service 
(AES),  National  Research  Council  of  Canada  (NRC),  and  Transport  Canada  (TC)],  NCAR, 
NASA  LeRC,  Aircraft  Certification  Service. 


Schedule: 

April  1998:  Report  on  findings. 
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G,  The  FAA  supported  tunnel  testing  by  NASA  LeRC  and  the  Canadian  AES 
with  the  objective  of  testing  LWC  meters  for  droplet  sizes  greater  than  50  microns. 


PLAN  DETAILS.  TASK  liSL: 

Responsible  Parties:  NASA  LeRC,  AES,  FAA  Technical  Center. 

Schedule: 

September  1996:  Completed  NASA  LeRC  and  Canada  (AES/NRC/TC)  tunnel  testing. 
July  1997:  Report  on  the  tunnel  testing. 


H.  The  FAA  will  support  further  icing  research  to  characterize  SLD  for  operations, 
simulation,  and  certification  purposes.  This  research  will  include  the  collection  of  data  in 
geographic  areas  where  SLD  aloft  data  has  not  been  collected,  such  as  the  Great  Lakes 
Region.  Such  field  programs  will  be  planned  to  provide  information  useful  for  verification 
of  forecasting  methodologies,  training  and  guidance  material  pertaining  to  operation  in 
SLD  aloft  (e.g.,  horizontal  and  vertical  extent),  SLD  characterization,  and  simulation  of 
SLD  using  icing  tunnels/tankers  and  computer  codes.  The  FAA  will  request  that  the 
international  community  [Canadian  AES,  NRC,  and  TC;  and  European  Research  on 
Aircraft  Ice  Certification  (EURICE)]  continue  their  support  of  similar  research  efforts  (or 
initiate  similar  studies)  and  enter  into  SLD  data  exchange  agreements  promoting 
compatible  operational  and  data  collection  procedures,  measurement  techniques,  and  data 
processing  procedures. 


PLAN  DETAILS,  TASK  13  JL; 

Existing  SLD  data  for  North  America  is  almost  entirely  derived  from  mountainous 
regions  of  the  western  United  States  and  the  maritime  provinces  of  eastern  Canada.  The 
lyif^hanisms  primarily  responsible  for  icing  in  those  areas  (orogr^hic,  north  Atlantic)  are 
different  from  those  in  other  geogr^hic  areas  of  North  America.  Thus,  atmospheric  sampling  in 
geogriqshic  areas  representative  of  other  SLD  formation  mechanisms  would  be  very  valuable  in 
the  formulation  of  an  SLD  characterization  envelope.  These  areas  would  include  die  Great  Lakes 
region  and  other  areas  determined  through  consultation  with  meteorologists  and  cloud  physicists. 

Most  sampling  of  SLD  aloft  must,  by  definition,  be  done  in  flight.  However,  innovative 
approaches  can  be  used  in  some  geogr^hic  areas,  as  exemplified  by  the  pilot  project  on  Mount 
Washington  in  winter,  1996-97. 
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A  cooperative  NASA  LeRC/NCAR/FAA  project,  based  at  the  NASA  LeRC  flight  facility 
in  Cleveland,  Ohio,  is  planned  for  the  1996-97  icing  season.  Canada  (AES/NRC/TC)  has 
proposed  a  field  project  for  the  Canadian  Great  Lakes  in  1997-98.  These  projects  will  provide 
essential  SLD  data  in  the  Great  Lakes  region,  which  is  believed  to  be  a  geographic  area  wiiere 
severe  icing  conditions  occur  with  greater  frequency  than  in  most  other  areas  of  North  America. 
This  project  is  crucial  both  to  possible  short-term  regulatory  action  and  to  effective  planning  of 
further  SLD  flight  research. 

A  scientific  field  project  (WISP98)  is  planned  tentatively  for  the  western  Great  Lakes 
area  during  the  following  winter  (1997-98).  That  project  will  include  SLD  flight  research  if 
funding  is  available.  A  conservative  estimate  is  that  i600,0(K)  would  be  required  fiem  FAA  and 
other  sources  in  order  to  include  SLD  flight  reseai  ^h  in  this  project  WISP98  involves  NCAR, 
FAA,  NASA  LeRC  and,  possibly,  several  universities,  local  NWS  offices,  NOAA’s 
Environmental  Technology  Laboratory,  and  industry.  Facilities  available  for  this  project  are 
directly  dependent  on  funding  amoimts  and  sources,  both  of  vdiich  are  unknown  at  this  time. 
Canada  (AES/NRC/TC)  also  is  planning  a  field  project  for  the  Canadian  Great  Lakes  in  1997-98. 

The  support  of  further  SLD  flight  research  in  1998-99  will  be  assessed  in  light  of  the  outcome  of 
the  efforts  in  1 996-97  and  1 997-98.  The  factors  considered  will  include  the  success  of  the 
research  already  conducted,  the  need  for  further  data  for  regulatory  and  other  purposes,  and 
available  funding.  If  it  is  determined  that  three  complementary  flight  programs  are  needed  in 
different  geogriq>hic  areas  of  North  America,  and  each  costs  at  least  $600,000  (a  conservative 
estimate),  then  the  total  cost  would  be  at  least  $1,800,000. 

Data  from  all  efforts  will  be  provided  to  the  FAA  Technical  Center.  The  Technical 
Center  will  enter  the  data  into  the  FAA  SLD  data  base,  and  will  provide  the  data  to  the  ARAC 
committee  described  in  Task  5  of  this  report  in  a  form  appropriate  for  their  deliberations. 

Responsible  parties:  FAA  Technical  Center,  FAA  Aviation  Weather  Research  Program 
(AUA-460),  Canada  (AES/NRC/TC),  Joint  Airworthiness  Atithorities  (JAA),  NASA  LeRC, 
NCAR. 

Schedule: 


•  June  1997:  Letter  from  FAA  to  Canadian  AES  and  EURICE  proposing  consideration 
of  an  agreement  on  exchange  of  SLD  flight  research  data. 

•  June  1998:  New  SLD  data  from  Great  Lakes  Project  and  Mt  Washington  Project 
entered  in  FAA  SLD  database  and  iiK:luded  in  package  provided  to  ARAC  in 
sq^propriate  form.  FAA  SLD  database  and  data  package  for  ARAC  also  will  include 
data  f^m  Task  13b  of  this  report. 

•  Octob^  1998:  New  SLD  data  fiom  WISP98  and  otl^  available  field  projects 
entered  in  FAA  SLD  database  and  provided  to  ARAC  in  iq^)roiniate  form. 

•  1998-99:  Additional  SLD  atmospheric  flight  research  based  upon  available  resources 
and  an  evaluation  of  the  research  completed  to  date. 
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1.  A  feasibility  study  will  be  carried  out  by  a  working  group  to  determine  if  the  FAA 
should  solicit  cooperation  of  operational  aircraft  to  carry  icing,  LWC,  and  droplet  probes. 


PLAN  DETAILS.  TASK  13.L; 

A  variety  of  simple  to  complex  measurement  devices  exist.  These  devices  are  available 
for  installation  on  aircraft  to  provide  real-time  or  recorded  measurements  relevant  to  the  icing 
problem.  The  appropriate  instruments,  aircraft,  data  collection,  format,  and  applications  must  be 
assessed.  Some  instruments,  such  as  ice  detection  equipment  used  for  pilot  waming/deicing 
equipment  activation,  already  exist  and  are  installed.  Data  recorders,  including  written  or  voice 
pilot  notes,  digital  recording,  or  ground  telemetry,  are  needed  to  document  the  information. 

Responsible  Parties:  FAA  Technical  Center,  Flight  Standards,  Canada  (AES/NRC/TC), 
NCAR,NASALeRC. 

Schedule: 

•  June  1997:  Working  group  formed, 

•  December  1997:  Report  and  recommendations. 
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COORDINATION 
OF  ICING  ACTIVITIES 


Task  14.  The  FAA  Icing  Steering  Committee  will  coordinate  inflight 
icing  activities,  including  recommendations  from  the  FAA  International 
Conference  on  Aircraft  Inflight  Icing.  _ 


PLAN  DETAILS.  TASK  14: 

The  FAA  Icing  Steering  Committee  members  are  drawn  from  across  the  FAA,  including 
representatives  from  the  Flight  Standards  Service,  Air  Traffic,  Aircraft  Certification  Service,  and 
the  FAA  Technical  Center.  The  Committee  was  instrumental  in  the  review  of  the 
recommendations  from  the  FAA  International  Conference  on  Aircraft  Inflight  Icing  and  the 
subsequent  development  of  this  FAA  Inflight  Aircraft  Icing  Plan.  The  Committee  will  monitor  if 
the  Icing  Plan  tasks  are  proceeding  on  sch«lule  and  are  achieving  the  desired  results. 

Responsible  Party;  FAA  Icing  Steering  Committee 

Schedule: 

Biarmual  review  of  the  FAA  Inflight  Aircraft  Icing  Plan  to  determine  progress  on 
accomplishing  the  plan  and  to  identify  areas  vdiere  the  plan  should  be  revised. 
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